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IN 'PRODUCT I ON 

The o b j e c t  o f  t h e  p r e s e n t  p a p e r  i s  t o  g i v e  a n  account  
o f  I t a l i a n  h igh-speed-engine  d e s i g n s .  B$ h i g h  speed i s  
n e a n t  t h e  speed  a t Z a i n e d  a t  l o w  a l t i t u d e  bg e x c e p t i o n a l  
p i l o t s  f l y i n g  e x o e p t i o n a l  a i r p l a n e s  where s t r e a n l i n i n g ,  
w e i g h t ,  wing a r e a ,  and e a s e  o f  h a n d l i n g  have a l l  been sac-  
r i f i c e d  f o r  t h e  a t t a i n n e n t  o f  t h e  s i n g l e  o b j e c t  o f  h i g h  
speed.  

For  nany y e a r s ,  h igh  speed i n  a v i a t i o n  has been asso- 
c i a t e d  w i t h  t h e  name o f  Jacques Schne ids r ,  who, i n  1913, 
i n i t i a t e d  t h e  Schne ide r  T r o p h y  Compet i t ion  f o r  s e a p l a n e s .  
In  t h i s  c o n p e t i t i o n  t h e r e  p a r t i c i p a t e d  a t  f i r s t  s t a n d a r d  
a i r p l a n e s  w i t h  s t a n d a r d  eng ine ,  but l a t e r ,  w i t h  i n t e r e s t  
i n  t h e  c o n p e t i t i o n  growing,  t h e  a i r p l a n e s  began t o  be 
equipped  w i t h  e n g i n e s  o f  I lforced" d e s i g n ,  t h a t  is, eng ines  
o t h e r w i s e  s t a n d a r d  excep t  t h a t  t h e i r  power w a s  i n c r e a s e d  
by an  i n c r e a s e  i n  t h e  c o n p r e s s i o n  r a t i o .  F i n a l l y ,  i n  r e -  
c e n t  y e a r s ,  w i t h  eng ine  powers r a p i d l y  i n c r e a s i n g ,  i t  was 
n o  l o n g e r  s u f f i c i e n t  t o  i n c r e a s e  t % e  eng ine  c o n p r e s s i o n  
r a t i o  n c r c l y  b u t  i t  becane n e c e s s a r y  t o  d e s i g n  e n g i n e s  
i n t e n d e d  e x c l u s i v e l y  f o r  t h e  r a c e s .  The graph on f i g u r e  
1 shows  t h e  i n c r e a s e  i n  the  powers cnployed i n  t h e  suc- 
c e s s i v e  Schne ide r  r a c e s  as a f u n c t i o n  o f  t h e  speed a t t a i n e d .  

g i t h  i n c r e a s e  i n  t h e  power, t h e  problem becane more 
and clore b e s e t  w i t h  d i f f i c u l t i e s  on account  of  t h e  l i n i t e d  
t ime  a v a i l a b l e  f o r  t h e  p r e p a r a t i o n s ,  s o  t h a t  t h e  a n n u a l  
c o n p e t i t i o n  became a b i e n n i a l  one.  F i n a l l y ,  i t  becane 
n e c e s s a r y  f o r  t h e  governments of the  v a r i o u s  s t a t e s  t o  
i n t e r v e n e  t o  
bccone s o  

* e 1  n o t o r i  i t a l i a n i  p e r  g l i  a p p a r a c c h i  d i  a l t a  ve1oci ta . I '  
Paper  on High SpeeO i n  A v i a t i o n ,  r e a &  at  t h e  5 th  V o l t a  
Congress ,  at Rome, September 30 t o  October 6 ,  1935. 
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of a t r u l y  n a t i o n a l  event  and possession o f  t h e  Schne ide r  
Cup bocane an h o i o s  h i g h l y  a s p i r e d  f o r  by t h e  a v i a t f o n  
i n t e r e s t s  o f  t h e  v a r i o u s  c o u n t r i e s .  The r e g u l a t i o n  was 
t h e n  i n t r o d u c e &  t h a t  i n  t h e  1as. t  r a c e  t h e  winn ing  a i r p l a n e s  
s h o u l d  conpe te  also f o r  s r e e d  r e c o r d s  hasod. on t h e  d i s -  
t a n c e s  of 3 and 100 k i l o m e t e r s ,  r e s g e c t i a e l g .  

V i t h  t h e  c o n p e t i t i o n  ended and t h e  f i n a l  g r a n t i n g  o f  
t h o  cup t o  England ,  a n o t h e r  r a c e ,  a g a i n  due t o  t h e  gerier- 
ous i n i t i a t i v e  of France ,  t o o k  t h e  p l a c e  o f  t h e  Schne ide r  
c o n p e t i t i o n ,  n a n e l y ,  t h o  D l e r i o t  Cu;! i n s t i t u t e c t  ' *y  t h o  
g l o r i o u s  giorLeer of a e r o n a u t i c s  and  g r a n t e d  r o v i s i o n a l l y  

. t o  whcever f i r s t  e x e e e e h  t h e  syeerl o f  600 kn 7 h (372.84 nph) 
f o r  30 n i n u t e s  o.f - f l i g h t  and  finally t o  whoever f i r s t  a t -  
t a i n e d  the  s p e e d ' o f  1 , 0 0 0  kn /h  (621.4 nph) .  

I t a l y ,  whi-ch with t h e  con ing  of t h e  F a s c i s t  era had 
p u t  t h e  a v i a t i o a  p r o b l e n  f i r s t  i n  i t s  task  of: r q c o n s t r u c -  
t i o n  unde r t aken  by t h e  n a t i o n a l  gove rnnen t ,  e v i d e n t l y  
c o u l d  n o t  be d i s i n t e r c s t e d  i n  such a n  i m p o r t a n t  e x h i b i t i o n  
where in  t he  a c h i c v e a e n t s  o f  i t s  alr2lnne a n d  eng ine  t e c h -  
nology,  i t s  i n d u e t . r i s l  o r g a n i z a t f o n ,  and  t h e  hero ism o f  i t s  
p i l o t s  cou ld  bo d i s g l a y e d  b e f o r e  t h o  w o r l d .  Spurred  bg t he  
en thus i a sm o f  thno > w e ,  I t a l y  p a r t i c i 1 , a t e f i  t h r e e  consecu- 
t i v e  t i n e s  i n  t h e  S c h o c i a e r  Cup r a c e s  a n d ,  al though absen t  
f r o n  t h e  f o u r t h  a n d  f i n a l  r a c e  0 f t e . r  h c v i n g  made d e s p e r a t e  
a n d  h e r c i c  e f f o r t s  t o  s a r t i c i p a t e  i n  i t ,  by t a k i n g  the 
s p e e d  p r i z e s  f o r  t h e  3- and 100-k i lometer  r a c e s  and win- 
n i n g  t h e  B l e r i o t  Cup demons t r a t ed , . t he  q u a l i t y  o f  h e r  clr- 
c r a f t  and t h e  vnlos o f  h e r  p i l o t s f  who n o t  o n l y  could b e a t  
r e c o r d s  tha t  r e q u i r e d  a few n i n u t e s  o f  f l i g h t  but cou ld  
f l y  at  ve ry  h i g h  a l t i t u d e  f o r  a t i n e  e q u a l  t o  and above 
that  r e q u i r e d  by t h e  Schne ide r  Cup r a c e s .  

HIGH-SPEED 'EXGINES . .  

I t  would be o u t s i d e  t h e  scope o f  t h e  s u b j e c t  a s s i g n e d  
t o  ne t o  e n t e r  upon 'a  d e t a i l e d  d i s c u s s i o n  o f  t h e  p r o b l e n  
o f  t h e  high-speed o r  r~escing :e.ngine. I shall t h e r e f o r e  
l i m i t  Byse l f  t o  o u t l i n i n g  the, c h i e f  f e a t u r e s ,  This  w i l l  
h e l p  b e t t e r  t o  uzderstrtnfl  t h e . n a t u r e  of t h e  d i f f i c u l t i e s  
which had t o  be f a c o d  and overcbne f n  t h e  d e s i g n  o f  t h e  
I t a l i a n  seaplane e n g i n e s .  

An e s s e n t i a l  r equ i r emen t  f o r  hfgh-speed f l i g h t  i s  
t h a t  o f  n i n i n u n  p o s s i b l e  weight  -of  t h e  e n g i n e  i n  conpa r i -  
s o n  w i t h  t h e  power deve loped .  The weight  o f  t h e  eng ine  i s  
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h e r o  t a k e n  i n  i t s  w i d e s t  s e n s e  t o  i n c l u d e  t h o  f o l l o w i n g  
conponent w e i g h t s :  

a) Weight o f  t h e  eng ine  p r o p e r ;  

b) l e i g h t  o f  t h e  e n g i n e  c o o l i n g  system; 

c )  Veight  of t h e  f n e l  and l u b r i c a t i n g  o i l .  

If t h e  weights p e r  horsepower of  a r a c i n g  a i r p l a n e  
e n g i n e  a r e  conpared  w i t h  t h o s e  o f  a standcrc? e n g i n e ,  t h e r e  
i s  found a r a t i o  between t h e n  of  0.5 ap i2roxina te ly .  This  
w a s  as t r u e  i n  1 9 3 4  as i n  1927. T h i s  ncitns t h a t ,  s i n c e  
t h e  r a c i n g  e n g i n e s  i n  1934 have a t t a i n e d  a u n i t  weight  
a b o u t  0.8 t i n e s  t h a t  of 1 9 2 7 ,  t h e  standard.  e n g i n e s ,  t o o ,  
have  p r o g r e s s e d  w i t h  t h e  y e a r s  a l though n o t  t o  t h e  sane  
d e g r e e  as t h e  r a c i n g  eng ines .  In o t h e r  w o r d s ,  i t  nay be 
s t a t e d  t h a t  t he  p r o g r e s s  o f  t h e  rac i r ig  e n g i  
unde r  t h e  s p u r  o f  keen s p o r t  c o n p e t i t i o n  has e x e r t e d  i t s  
b e n e f i c i a l  i n f l u e n c e  a l s o  on s t a n d a r d  onginos  and thus 
c o n t r i b u t e d  t o  t h e  c o n t i n u o &  development o f  a v i a t i o n ,  This  
f a c t  i s  e a s i l y  e x p l s i n a b l e  when i t  i s  r o f l e c t e C  t h a t  t h e  
p r o b l e n s  o f  t h o  r a c i n g  eng ine  ore n o  o t h e r  t % a n  t h o s e  o f  
t h e  a i r p l a n e  eng ine  i n  g e n e r a l  c a r r i e d  t o  t h e i r  extreme 
and t h e  f u n c t i o n i n g  o f  any nechan i sn  a t  i t s  l i n i t  o f  oper-  
a t i o n  i s  B l w a y s  a f r u i t f u l  s o u r c e  o f  u s e f u l  i n f o r n a t i o n .  

B r e d u c t i o n  i n  weight  as low as t h a t  s e t  by t h e  goa l  
can e v i d e n t l y  n o t  be a t t a i n e d  i n  a r a c i n g  e n g i n e  i f  i t  i s  
d e s i r e d  t o  n a i n t a i n  l i f e  g u a r a n t e e s  o f  t h e  eng ine  e q u a l  t o  
t h o s e  g iven  t o  s t a n d a r d  e n g i n e s I  Racing e n g i n e s  nay be 
i n t e n d e d  f o r  a nuch s h o r t e r  l i f e  o f  sone  h o u r s  only.  

L i g h t n e s s  i s  o b t a i n e d  i n  t w o  d i s t i n c t  ways: 

a )  Dy i n c r e a s i n g  t o  t h e  r r a x i n w  t h o  b r e a t h i n g  capac-  
i t y  of t h e  eng ine  p e r  u n d t  t i n e  nnd hence f o r  
a g iven  power d e c r e a s i n g  the cgliricler d i s p l a c e -  
n e n t  and r a i s i n g  the e n g i n e  speed  and  b o o s t  
p r  e s s u r e  ; 

b) Gy r e d u c i n g  t h e  weight o f  t h o  v a r i o u s  components, 
which r e d u c t i o n  can  be a t t a i n e d  by a c c e p t i n g  
a s u i t a b l e  i n c r e a s e  i n  t h e  n d n i s s i b l e  s t r e s s e s  
e i t h e r  th rough t h e  u s e  o f  s p e c i a l  l i g h t o r  and  
s t r o n g e r  n a t e r i a l s  o r  by e x e c u t i n g  a s p e c i a l l y  
d i f f i c u l t  and  expens ive  d e s i g n  wbich would  n o t  
be a c c e p t a b z e  i n  n o r m a l  s e r i e s  p r o d u c t i o n .  
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An i n c r e a s e  i n  t h e  speed  can be s u p p o r t e d  by t h e  
eng ine  on ly  on c o n d i t i o n  o f  reduced  r e c i p r o c a t i n g  and  
r o t a t i n g  massbs. Moreover, i t  i s  known t h a t  c o o l i n g  o f  
t h e  p i s t o n s  and v a l v e s  i s  more r e a d i l y  a t t a i n e d  i n  cy l -  
i n d e r  u n i t s  o f  small d imens ions ,  B o t h  of t h e s e  circum- 
s t a n c e s  l e a d  t o  a s u b d i v i s i o n  of t h e  t o t a l  c y l i n d e r  d i s -  
placerncnt among a l a r g e  number o f  c y l i n d e r s .  On t h e  
o t h e r  hand,  t h e  abvan tage  of  a l a r g e  nunber  of  c y l i n d e r s  
i s  o f f s e t  by t h e  d i s a d v a n t a g e s  of l a r g e  f r o n t a l  a r e a  and 
o f  l a r g e  weight  per u n i t  c y l i n d e r  vo lume ,d i sadvan tages  
which becone more s e r i o u s  with i n c r e a s e  i n  t h e  nunber  o f  
c y l i n d e r s .  The c h o i c e  of a happy compromise among t h o s e  
c o n f l i c t i n g  f a c t o r s  i s  a t e s t  o f  t h e  skill o f  t h e  i n d i -  
v i d u a l  desigrLer. 

In  o r d e r  t o  keep  down t h e  weight  of t h e  c o o l i n g  sys- 
tem, i t  i s  n e c e s s a r y  that  t h e  h e a t  y i e l d e d  t o  t h e  c o o l i n g  
l f q u i d  should. be t h e  a in imun p o s s i b l e  compa t ib l e  w i t h  t h e  
t e m p e r a t u r e s  o f  t h e  p i s t o n s ,  v a l v e s ,  and  spayk p l u g s ,  
which t o n p e r a t u r s s  aus t  b o  h e l d  w i t h i n  a c c e p t a b l e  l i n i t s  

t h e  n a t e r i a l  of t h e  e x p l o s i o n  chanbe r ,  t h e  shapes  and 
l e n g t h s  o f  t h e  e x h a u s t  passages, t h e  d e g r e e  o f  conpres-  
s i o n ,  t h e  anount  a n d  q u a l i 5 y  o f  t h e  c o o l i n g  l i q u i d  have 
a g r e a t  e f f e c t  on t h e  h a e t  g iven  up t o  t h e  c o o l i n g  l i q u i d .  
Anong t h e  l i q u i d s  enployed ,  t h e  nost cormon is w a t e r  b u t  
l i q u i d s  can  also be  used  w i t h  h i g h  b o i l i n g  p o i n t s  such  as 
e t h y l e n e  g l y c o l ,  which thus p e r m i t  a h i g h e r  t e m p e r a t u r e  
o f  t h e  c o o l i n g  nedium w i t h  t h e  r e s u l t i n g  d e c r e a s e  i n  t h e  
r ad ia to r  s u r f a c e .  T h i s  advantage  i s  o f f s e t ,  however, by 
n o t  a few d i s a d v a n t a s e s  due t o  t he  l o w  s p e c i f i c  h e a t  o f  
t h e  g l y c o l  and i t s  v i s c o s i t y  c h r a c t e r i s t i c s  which make i t  
n e c e s s a r y  t o  i n c r s a s e  t h e  q u a n t i t y  o f  t h e  c o o l i n g  l i q u i d .  
F u r t h e r n o r e ,  t h e  h i g h  c y c l e  t e n p e r a t u r o s  t h a t  r e s u l t  may 
i n j a r l o u s l y  a f f e c t  t h e  c o o l i n g  o f  t h e  p i s t o n s  and  v a l v e s ,  
There i s  a l s o  an  i n c r e a s e  i n  t h e  b e a t  g i v e n  up t o  t h e  oil 
r e s u l t i n g  i n  a n  i n c r e a s e  i n  t h e  a r e a  and weight o f  t h e  
o i l  r a d i a t o r .  

r g o o d  e n g i n e  p c r f o r n a n c e .  The d e s i g n  o f  t h e  c y l i n d e r ,  

Tho q u a n t i t y  o f  h e a t  g i v e n  up t o  t h e  l u b r i c a t i n g  o i l  
also has an  f n p o r t a n t  e f f e c t  on t h e  weight o f  t h e  o i l  
r a d i a t o r  as have  a l s o  t h e  c a p a c i t y  o f  t h e  o i l  pump, t h e  
c l e a r a n c e  o f  t h e  b e a r i n g s ,  t h e  t y p e  o f  p i s t o n ,  t h e  e f f i -  
c i e n c y  o f  t h e  s u p e r c h a r g e r  and r ad ia to r ,  t h e  t e n p a r a t u r e s  
o f  t h e  c o o l i n g  l i q u i d s ,  e t c ,  

The weight  of f u e l  and l u b r i c a t i n g  o i l  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e i r  consunp t ion .  P a r t i c u l a r l y  d i f f i c u t  



l a r g e  o i l  cons.unption due t o  t h e  high c r a  
r educed  c r a n k c a s e  s i z e  c o n d i t i o n s  which f 
leakago o f  o i l  i n t o  the combust ion chnabe 

l o w  f r o n t a l  area. Engines  o f  r educed  t r a n s v e r s e  s e c t i o n s  
and much e l o n g a t e d  l e n d  themse lves  admi rab ly  t o  f a i r i n g  in 
w i t h  t h e  f u s e l a g e  w i t h  r e s u l t i n g  h i g h  a e r o d  
c i ency .  In  s e a p l a n e s  g e n e r a l l y  t h e  eng ine  
ahead  o f  t h e  p i l o t ,  The i d e a l  c r o s s  s e c t i o n  i s  t h a t  which 
is reduced  s o  as t o  b e  no l a r g e r  t h a n  t h e  f r o  t a l  a r e a  of 
t h e  p i l o t ' s  dody. O f  a l l  e n g i n e s ,  t h i s  i d e s  

, c l o s e l y  approached  by t h o  1 2 - c y l i n d e r  eng ine  a r r a n g o d  i n  
t w o  rows  o f  s i x , f o r m i n g  between them an  a n g l e  of 60°. 
This e x p l a i n s  why all r a c i n g  s e a p l a n e s  have s o  f a r  been 
water-cooled.  I n  f z c t  , a i r - c o o l e d  e n g i n e s  which p r e s e n t  
such  advan tages  of l i g h t n e s s  compared w i t h  t h e  former  do 
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high degree of compression is relatively simple, since 
the fuels should be res icted to those which can support 
the high degree of conpression without detonation and can 
readily vaporize in the short interval available of pas- 
sage from the carburetor to the cylinders s o  that good 
fuel Ctistribution and g o o d  acceleration nay be obtainedr 
Moreover, there should be no excessive tendency toward 
ice fornation on the carburetor valves, 

The problen of fuel consumption in these engines is 
rendere6 l e s s  difficult by the high thermal efficiency 
.due to tho hfgh conpression s o  that in these engines fuel 
nixtures can be used that contain substances of high la- 
ten% heat that nay be.utilized for cooling the hot cylin- 
der parts without excessive increase of the fuel consump- 
tion. 

In considering supercharged engines with 
effective pessures (14-16 kg/cn2 (200;.227 1 3 / s q  in.)), 
the problen of the cfioice of fuel becones.nuch more diffi- 
cult. The principal 'requirenents becbne: 

a) Complete absence of detonation notwithstanding, 
the high temperatures of tho intake air and 
the presence of hot points in the cylinder. 

b) High latent heat of vaporization necessary for 
reducing the air temperature at the conpressor 
exit and thus increasing the volunetric effi- 
ciency and hence the power of the engine. 

e) High calorific value of the fuel in order to ob- 
tain low fuel consunption. 

While requirenents a) and b) ere compatible with each 
other in the sense that the addition of substances of high 
latent heat to the nixture in general. increases its anti- 
detonating power, requirenents b) and c.) 'are conpletely 
incompatible with each other since substances that possess 
hfgh vaporization heats are unfortunately of low calorific 
valae. It is trno that the cooling effect can Fqually 
well be obtainett 3y the use of rich'nixtures consisting of 
fuels of high calorific value 3ut this, too, is, in the end 

t o  the fuol ptfon. The choice of the 
e fuel nust fore be a g o o d  conpronise 
results of 

Another inportant sequirenent is the volatility, which, 



i n  a d d i t i o n  t o  h a v i n g  an e f f e c t  on t h e  f u e l  d 
and on t h e  a c c e l e r a t i o n ,  d e c r e a s e s  t h e  t enden  
d e n s a t i o n ,  which i s  v e r y  s t r o n g  unde r  i d l i n g  c o n d i t i o n s .  

ITALIAAN EMGIANE DESIGNS 

The e n g i n e s  des igned  by I t a l y  t o  t a k e  p a r t  i n  all 
t h e s e  four  r a c e s  were p redominan t ly  o f  t h e  F i a t  t y p e  su i t -  
a b l y  modi f ied  f o r  t h e  r a c e s .  The? were d e n o t e d ,  r e s p e c t i v e -  
l y ,  as A S 2 ,  AS3,  A S 5 ,  and A S 6 ,  and a l l  were water -cooled .  

The A S 2  won t h e  Schne ide r  Cup o f  1926;  t he  A S 3  won 
t h e  a b s o l u t e  speed  r.ecord o f  1928 and was awasded second 
p l a c e  i n  t h o  Schne ide r  Cup r a c e  o f  1929;  an6 t h e  AS6 h o l d s  
t h e  a b s o l u t e  speed  r e c o r d  f o r  3 and 100 k i l o m e t e r s  and t h e  
B l e r i o t  Cup. Al though  t h o  h S 5  gave b r i l l i a n t  r e s u l t s  i n  
t h e  bench t e s t s ,  b e i n g  ex t r eme ly  audac ious  inhedesign,  it 
d i d  n o t  have t h e  o p p o r t u n i t y  t o  p rove  i t s e l f  i n  t h e  races. 
The e x p e r i e n c e  ga ined  w i t h  t h i s  1,000 horsepower e n g i n e ,  
which f o r  some t ime r ena inod  t h e  w o r l d ' s  l i g h t e s t  eng ine  
w i t h  l e a s t  f r o n t a l  a r e a ,  was very v a l u a b l e ,  i t s  d e s i g n  be- 
i n g  used  as a b a s i s  f o r  t h e  A S 6 .  On t a b l e  I a r e  g iven  t h e  
p r i n c i p a l  c h a r a c t e r i s t i c s  of t h e s e  e n g i n e s ,  w h i l e  on f i g -  
u r e s  2 and 3 a r e  shown t h e  p r o g r e s s  made i n  l i g h t n e s s  and 
f r o n t a l  a r e a  r e d u c t i o n .  The weight  p e r  horsepower aiid t h e  
power p e r  dm2 o f  f r o n t a l  a r e a  a r e  t aken  as i n d i c e s  o f  
l i g h t n e s s  and  f r o n t a l  a r e a ,  r e s p e c t i v e l y .  The g r e a t  prog- 
r e s s  i n  t h e  r e d u c t i o n  o f  t h e  f r o n t a l  area as a p p e a r s  i n  t h o  
c a s e  o f  t h e  A S 6  i s  due t o  t h e  c o u p l i n g  o f  t w o  e n g i n e s  i n  
ts i iden whi le  a c t u a l l y  t h e  mininun d i n e n s i o n s  i n  absolu te  
v a l u e  were a t t a i n e c l  o n  t h e  AS5, which,  as i s  e v i d e n t  f r o m  
f i g u r e  4, had reached  the  lower  l i m i t  g iven  by t h e  f r o n t a l  
a r e a  o f  t h e  p i l o t ' s  body. 

The A S 2 $  A S 3 ,  and  AS5 were w i t h o u t  s u p e r c h a r g e r .  On 
AS5, t h e  speed  was r a i s e d  t o  3 ,200 as compared w i t h  

, 2 , 4 0 0  o f  t h e  AS3 and 2,300 of t h e  A S 2 ,  The bore  was 138 r im  
as conpared w i t h  140 mn o f  t h e  A $ 2  and 145  nn o f  t h e  A S 3 ,  
w h i l e  the s t r o k e  was r educed  f r o m  t h o  v a l u e  o f  175  nn of t h e  
A S 3  t o  140 m,  r e d u c i n g  t h e  v e l o c i t y  th rough  t h e  v a l v e s  and 
thus m a i n t a i n i n g  t h e  same e f f i c i e n c y  as t h e  A S 3  i n  s p i t e  o f  
t h e  i n c r e a s d  mean p i s t o n  speed. 

I n  a l l  t h e s e  e n g i n e s ,  as a l s o  i n  t.he A S 6 ,  t h e  samo 
c y l i n d e r  t ype  c h a r a c t e r i s t i c  of the  F i a t  d e s i g n  was na in -  
t a i n e d  ( f i g .  5 ) .  The c y l i n d e r  i s  o f  c a s t  s t e e l  and has 
four  v a l v e s ,  two  i n t a k e  and t w o  exhaus t .  The i n d u c t i o n  
p i p e s  were p a r t i c u l a r y  s h o r t  and  were welded t o  t h e  c y l -  



i n d o r  head ,  The ensemble i s  t h e n  s t i f f e n e d  by t h r e e  roof 
p l a t e s  welded t o  t h e  p i p e s .  Arouod t h e  c y l i n d e r  and  p i p e s  
i s  welded a t h i n  s t e e l  s h e e t , t h u s  fo rming  t h e  water jacke t .  
The e x p l o s i o n  chamber i s  c y l i n d r i c a l  w i t h  t w o  d i a n e t r i c a l -  
l y  l o c a t e d  s p a r k  p l u g s ,  one on t h e  i n t a k e  a n d  t h e  o t h e r  on 
t h e  e x h a u s t  s i d e .  T h i s  d e s i g n ,  exuep't f o r  t h e  change i n  
d b e n s i o n s ,  was m a i n t a i n e d  i d e n t i c a l  i n  t h e  four e n g i n e s  
r e f e r r e &  t o  and w a s  found  t o  g i v e  g o o d  per formance  excep t  
f o r  s o ~ e  small d i f f i c u l t y  which w a s  due t o  t h e  l o s s  o f  
water by t h e  welds ,  but t h i s  d i f f i c u l t y  was e a s i l y  removed. 
The a lun inun  monobloc c o n s t r u c t i o n  was n o t  used because  
i t  i s  h e a v i e r  and o f  g r e a t e r  f r o n t a l  a r e a  t h a n  t h e  welded 
s t e e l  s % r u c t u r e .  Vhen, i n  c o n n e c t i o n  w i t h  t h e  A S 6 ,  t e s t s  
were conducted  w i t h  s i n g l e  c y l i n d e r .  e n g i n e s  t o  i n v e s t i g a t e  
. the behav io r  of  t h e  F i a t  c y l i n d e r  w i t h  s u p e r c h a r g e r ,  one 
o f  t h e  o t h e r  f a v o r a b l e  c h a r a c t e r i s t i c s  o f  t h i s  t y p e  o f  
c o n s t r u c t i o n  was b rough t  ou t ,  n a n e l y ,  t h e  l i m i t e d  q u a n t i t y  
o f  h e a t  g iven  up  t o  t h e  wa te r .  Th i s  might h a v f r a i s e d  some 
f e ' a r s  as t o  t h e  e f f i c i e n c y  o f  c o o l i n g  o f  t h e  v a l v e s  but by 
' s n n l l  n o d i f i c a t i a n s  a g o o d  comproaise  w a s  found w i t h o u t  
f o r e g o i n g  t h e  c h a r a c t e r i s t i c  o f  small'. h e a t  loss t o  t h e  
water which, as a1read.y n e n t i o n e d  i n  t h e  i n t r o d u c t i o n ,  
b r i n g s  marked a d v a n t a g e s  of reduced  weight  and  f r o n t a l  r e -  
s i s t a n c e  o f  t h e  c o o l i n g  s y s t e c .  

Th i s  t y p e  o f  c o n s t r u c t i o n  s l i g h t l y  mod i f i ed  was 
t h e r e f o r e  m a i l t n i n e d  also on t h e  supe rcha rged  e n g i n e  and 
was Tound t o  g i v e  gooi? p e r f o r n a n c e  w i t h  ncan e f f e c t i v e  
p r e s s u r e s ' a b o v b  17 kg/cm2 (242 l b / s q  i n . ) .  Another  advan- 
tage  p r e s e n t e d  by t h i s  d e s i g n  i s  t h a t  by h a v i n g  t h e  c y l -  
i n d e r s  ind^ependent , r ep lacemen t  of  any c y l i n d e r  when ne- 
c e s s a r y  w a s  p o s s i b ' l e  w i t h o u t  chenging  t h e  o t h e r s ,  T h i s  
i s  r2 v a l u a b l e  advhntage  f o r  r a c i n g  e n g i n e s  where e v e r y  
n i n u t o  saved hay g r e a t l y  a f f e c t  t h e  r e s u l t s .  

The c o n p r e s s i o n  r a t i o s  eclployed on t h e  e n g i n e s  with-  
o u t  s u p e r c h a r g e r  i n c r e a s e d  f r o m  t h e  v a l u e  6 o f  t he  AS2 
t o  6.7 o f  t he  A S 3 , t o  8 o f  t h e  A S 5 .  The shape  o f  t he  ex- 
p l o s i o n  chanbe r  w a s  fo-un0 t o  be p e r f e c t l y  s u i t a b l e  f o r  

. such h i g h  c o n p r e s s i o n s  and t h e  AS5 w i t h  a c o n p r e s s i o n  ra- 
t i b , ' o f ' 8  enployed  a f u e l  of  l e s s  t h a n  94 oc tane-  number 
w i t h o u t  g i v i n g  any i n d i c a t i o n  o f  d e t o n a t i o n .  

The v a l v e  g e a r  systern t y p i c a l  o f  t h e  F i a t  c o n s t r u c -  
t i o n  was l i k e w i s e  n a i n t a i n e d  i n  a l l  o f  t h e  f o u r  r a c i n g  
e n g i n e s  but  w a s  s u i t a b l y  l i g h t e n e d  9n. s t r u c t u r e .  The AS5 
was n o t a b l e  f o r  t h e  good b e h a v i o r  of i t s  v a l v e  s p r i n g s  
n o t w i t h s t a n d i n g ,  t h e  h igh  r o t a t i o n a l  speed .  On t h e  AS3, 

. I  
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A l s o  t h e  end c o v e r s  o f  t h e  cam hous ings  were s t r e a m l i n e d  
t o  t h e  spape o f  t h e  f u s e l a g e s  and were uncowled a n d  ex- 
posed  t o  t h e  r e l a t i v e  wind,  

Other nenbe r s  which were n a i n t n i n e d  n o r e  o r  less 
similar  t o  t h c s o  c o r r e s p o n d i n g  t o  t h e  n o r n a l  d e s i g n  were 
t h e  c o n n e c t i n g  rods and c rank  s h a f t s ,  A l l  t h e  e n g i n e s  
used  white  b a b b i t t  n o t a l  bea r ing .  

In  o r d e r  t o  i n c r e a s e  t h e  v o l u n e t r i c  e f f i c i e n c y  o f  
t h e  A S 2 ,  653, and A S 5 ,  t h r e e  c a r b u r e t o r s  were located i n  
t h e  V o f  t h e  c y l i n d e r s .  The AS2 a n d  A S 3  had a n  a l u n i n u n  
base. On t h e  855, nagnesium was used  for t h e  f i r s t  t ime.  
Th i s  n a t e r i a l ,  however, showed a l o w  r e s i s t a n c e  t o  r e p e a t -  
e& s t r e s s e s  and gave r i s e  t o  s e v e r a l  c r a c k s .  Hone o f  t h e  
t h r e e  engines(AS2,  A S 3 ,  an8 A S d  w a s  p rov ided  w i t h  a reduc-  

s e a r ,  t h e  l a t t e r  b e i n g  i n t r o d u c e d  f o r  t h o  f i r s t  time 
t h e  AS6.. 

THE FIAT I S 6  E N G I N E  
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i n p o s s i b l e  t o  a v o i d  t h e  i n c r e a s e  i n  power inposed  by t h e  
c i r c u n s t c n c e s .  In  1929 t h e  E n g l i s h  won t h e  Schne ide r  Cup 
w i t h  a 1 ,900  horsepowei. engine .  I n  t h e  Sane y e a r ,  E. 
Crocco, a t  t h a t  time D i r e c t o r  Genera l  o f  A e r o n a u t i c a l  Con- 
s t r u c t i o n ,  i nposed  f n  t h e  s p e c i f i c a t i o n s  f o r  t h e  1 9 3 1  en- 
g i n e  a u i n i n u n  power o f  2,300 horsepower that  shou ld  fur- 
t h e r n o r e  be o b t a i n e d  w i t h  a weight  n o t  exceed ing  840 kg 
and with a f u e l  c o n s u n g t i Q n  n o t  exceed ing  250 grams. I n  
o r d e r  t o  s a t i s f y  t h e s e  c o n d i t i o n s ,  P i a t  w a s  c o n f r o n t e d  by 
p r o b l e n s  o f  c o n s i d c r a b l o  d i f f i c u l t y  s i n c e  t h e  e x p e r i e n c e  
g a i n e d  w i t h  t h e  A S 5  was based  on a power o f  1,000 h o r s e -  
power w i t h  a weight-polune r a t i o  o f  40 horsepower p e r  
l i t e r  and a nean  e f f e c t i v e  p r e s s u r e  o f  11.2 w ’ p i l e  now 12; 
was n e c e s s a r y  t o  n p r a  t h a n  d o u b l e  t h e  a b s o l u t e  power and 
g o  above 46 h o r s o p o w o r / l i t e r  and  14 kg /cn2  ( 1 9 9  lb/sq i n * )  
nean  e f f e c t i v e  p r e s s u r e  by onploying  a s u p o r c h a r g e r  ant3 
p r o p o l l e r  g e a r  which a t  t h a t  t i n e  were s t i l l  i n  t h e  ex- 
p e r i n e n t a l  s t age . .  

I n  o r d e r  n o t  t o  2 e v i a t e  t o o  f a r  f r o m  t h e  e x p e r i e n c e  
gainei!  on t h e  AS 5 c o n s i d e r a t i o n  was g i v e n  t o  t he  c o u g l i n g  
of  t w o  AS5 u n i t . s  i n  t anden .  Such a s o l u t i o n  was ex t romcly  
s u g g e s t i v e  f o r  t h e  f o l l o w i n g  r e a s o n s :  

1. The l in i t ec l .  f r o n t a l  n r e a ,  n o t  much exceed ing  t h e  
l i m i t  a t t a i n e d  w i t h  t h e  855, w h i l e  t h e  ra t io  o f  horsepower 
p e r  u n i t  f r o n t a l  a r e a  cou ld  a s sune  v e r y  h i g h  v a l u e s .  

2 .  P o s s i b i l i t y  of  p r o f i t i n g  by t n e  e x p e r i e n c e  a l r e a d y  
ga ined  on t h e  AS5, whose s t r o k e ,  b o r e ,  and speed  were  r e -  
t a i n e d .  

3. P o s s i b i l L t y  o f  a “centrnl. l o c a t i o n  o f  t h e  p r o p e l l e r  
r e d u c i n g  gear between t h e  t w o  e n g i n e s ,  by h a v i n g  t h e  pro-  
p e l l e r  a x i s  pass through t h e  V o f  t h e  f o r w a r d  eng ine  w i t h  
t h e  t h r e e f o l d  advan tage  that  t h e  a x l e  was s t r o n g l y  sup- 
p o r t e d  a g a i n s t  t h e  e f f e c t s  o f  t h e  g y r o s c o p i c  c o u p l e ,  t h e  
l o n g  a x l e  i t s e l f  c o n s t i t u t e d  an e l a s t i c  c o u p l i n g  between 
t h e  p r o p e l l e r  and t h e  r e d u c i n g  g e a r  and t h e  dis-placonent  
o f  t h e  p r o p e l l e r  a x i s  w i t h  r e s p e c t  t o  t h k t  of  t h e  e n g i n e  
was f a v o r a b l e  t o  extrernaly good f a i r i n g  w i t h  t h e  f u s e l a g e .  

4.  TBe l a r g e  c y l i n d e r  d i s p l a c e n e n t  t h a t  t h u s  becaue 
a v a i l a b l e  p e r m i t t e d  t h e  r e a d y  a t t a i n c e n t  of  t h e  power 
s p e c i f i e d  w i t h o u t  t h e  need  f o r  e x c e s s i v o  s u p e r c h a r g i n g  o f  
t h e  eng ine ,  thus m a i n t a i n i n g  t h e  e x c e p t i o n a l l y  l o w  f u e l  
consunp t ions  imposed i n  t h e  s p e c i f i c a t i o n s ,  With moderate  
supe rcha rg ing ,  a h i g h  d e g r e e  o f  compress ion  was s t i l l  adrais- 
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s i b l e  (p = w i t h  t h e  conseq  
consunp t ion  t o  which was add 
c ornpre s se d a i r  t snpe ra tur  e s  , 
n o t  n e c e s s a r y  t o  enp loy  f u e l  
w i t h  n e c e s s a r i l y  low c a l o r i f i c  v a l u e  

To t h e s e  f o u r  advantage  
a d o p t i n g  t h e  s o l u t i o n  o f  d o u b l i n g  t h e  AS5 u n i t ,  t h o r o  was 
added s t i l l  a f i f t h  and fundamenta l  one,  naaely:  

5. The p o s s i b i l i t y  of  r e a d i l y  u t i l i z i n g  t h e  c o u n t e r -  
r o t a t i n g - p r o p e l l e r  p r i n c i p l e .  Th i s  i d e a ,  which was n o t  
new i n  a e r o n a u t i c a l  a p p l i c a t i o n  s i n c e  i t  tbns a l r e a d y  a. 
s u b j e c t  o f  t h e  yat.er+ts o f  Brggue t ,  Deporduss in ,  and 
Renau l t  iii t h e  e a r l y  s t a g e  o f  a e r o n a u t i c s  and i n  tke 
problem o f  t h e  s e a p l a n e  found a new f i e l d  o f  a p p l i c a t i o n  
c a p a b l e  o f  nany advan tages ,  The p p i n c i p a l  ones .were :  
t h e  small p r o p e l l e r  diarnetor  which g r e a t l y  f a c i l i t a t g d  
t h e  a i r p l a n e  c o n s t r u c t i o n ;  t h e  conpensa t ion  f o r  t h e  r e t x -  
t i o n  and g y r o s c o p i c  c o u p l e s ,  and t h e  s t r a i g h t  and non- 
v o r t i c a l  s l i p s t r e a n  by which t h e  e x h a u s t  gases  were p r c -  
v e n t e d  f r o m  p a s s i n g  n e a r  t h e  p i l o t ,  b r i n g i n g  s e r i o u s  d i s -  
t u r b a n c e  9n t h e  b r e a t h i n g  aFd v i s i b i l i t y .  

The weight  o f  t h e  t w o  p r o p e l l e r s  w a s  p r a c t i c a l l y  t h e  
sane as t h a t  o f  s i n g l o  p r o g e l l e r  w i t h  e q u a l  power and 
t e s t s  conducted a t  Varese w i t h  f l o a t s  had shown t h a t  t h e  
t h rus t  o f  t w o  B r o p e l l e r s  r o t a t i n g  i n  t w o  p l a n e s  v e r y  n e a r  
each  otl ior was s l i g h t l y  above t h a t  o f  t h o  sun  o f  t h e  s i n -  
g l e  t h r u s t s  o f  each  p r o p e l l e r  r o t a t i n g  s e p a r a t e l y .  If i t  
had been d e s i r e d  t o  adop t  a s i n g l e  p r o p e l l e r ,  i t  would  
have been n e c e s s a r y  t o  j o i n  t h e  t w o  c r a n k s h a f t s ,  t h e n  t o  
r e v e r s e  t h e  t o t a l  power o f  t h e  t w o  e n g i n e s  through t h e  
g e a r  a t  t h e  s i n g l e  p r o p e l l e r  s h a f t .  This might  have g iven  
r i s e  t o  t h e  s e r i o u s  t o r s i o n a l  v i b r a t i o n s  o f  Q, l o n g  c rank-  

. s h a f t  w i t h  t.welvo c r a n k s  t h a t  would r e s u l t  f r o n  such  a 
ng or1 i f  s p a c i a l  c o u p l i n g  j o i n t s  w i t h  v i b r a t i o n  
s were p r o v i d e d ,  t h e r e  would  be a n  a p p r e c i a b l e  in-  

c r e a s e  i n  t h e  weight .  

i t t e d  each  engine  
r d s  t h e  mechanica l  
r ,  however,  which 

l y  l o c a t e d  i n  t h e  
d t o g e t h e r  w i t h  

common u n i t  t o  
,) This  chrzrac- 
genen t  gave r i s e  

t o  a l a r g e  v o r i a t i o a  o f  t h e  power a v a i l a b l e  f o r  t h e  t w o  
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p r o p e l l e r s ,  s t h a t  t h e  f o r w a r d  p r o p e l l e ' r  which w a s  con- 
n e c t e d  t o  t h e  r e a r  e n g i n e  which drove  t h e  s u p e r c h a r g e r  was 
foun6 t o  a b s o r b  200 horsepower less t h a n  t h e  rear one. 
T h i s ,  however, d i d  n o t  l e a d  t o  any t r o u b l e ,  s i n c e  b y  ad- 
j u s t i n g  t h e  p i t c h  i t  w a s  p o s s i b l e  t o  o b t a i n  s u f f i c i e n t l y  
e q u a l  r o t a t i o n a l  speeds  f o r  t h e  t w o  p r o p e l l e r s .  

Having thus o u t l i n e d  t h e  s a l i e n t  f e a t u r e s  o f  t h e  A S 6  
which,  a l though i t  was conposed of  t w o  n e c h a n i c a l l y  inde-  
pendent  u n i t s ,  was c o n s i d e r e d  as n s i n g l e  eng ine  b e i n g  
s u p p l i e d  by a s i n g l e  f u e l  f e e d  s y s t e n ,  I s h a l l  i n d i c a t e  
t h e  p r o b l e n s  t h a t  were t o  be c o n f r o n t e d ,  e n l a r g i n g  02 sono 
o f  . the  d e t a i l s  i n  a l a t e r  s e c t i o n  s i n c e  nany o f  t h e  p a r t s  
r e c e i v e d  t h e i r  f i n a l - f o r n  a f t e r  t e s t s .  ( S e e  f i g s .  8 and 9.) 

The n o v e l t y  was i n  t h e  c o u n t e r r o t a t i n g  p r o p e l l e r  
d r i v e .  Fro= t h e  p r o p e l l e r  gea r  l o c a t e d  a t  t h e  c e n t e r  o f  
the  eng ine  and c o n s i s t i n g  o f  two s p u r  wheels  pas sed  t w o  
h o l l o w  shaf t s  r o t a t i n g  one w i t h i n  t h e  o t h e r .  These t u r n e d  
on b e a r i n g s  l o c a t e d  a t  t h e  two ends ,no  i n t e r m e d i a t e  sup- 
p o r t  b e i n g  providod.  On t h e  ;low speed s i d e ,  each  g e a r  
wheel  was r i g i d l y  f i x e d  t o  t h e  r e s p e c t i v o  s h a f t  a n d  was 
s u p p o r t e d  by t w o  b e a r i n g s ,  t h e  one a r o l l e r  and t h e  o t h e r  
a b a l l  b e a r i n g  which a l s o  served as a p r o p e l l e r - t h r u s t  
b e a r i n g .  On t h e  hub s i d e  o f  t h e  p r o p e l l e r ,  t h e  i n n e r  s h a f t  
r o t a t e d  on a r o l l e r  b e a r i n g  suppor t ed  by t h e  o u t s i d e  s h a f t  
which, i n  t u r n ,  was s u p p o r t e d  by t h e  base  on t w o  slnooth 
b e a r i n g s .  Between t h e  t w o  s u p p o r t s ,  t h e  i n s i d e  sha f t  had 
a f r e e  l e n g t h  o f  1 . 6  n e t e r s  ( 5  f t  3 i n * ) .  The c r i t i c a l  
speed  o f  t he  s h a f t  w a s  t h e r e f o r e  v e r i f i e d  by c o a p t a t i o n  
and was found,  w i t h  t h e  s e c t i o n  unde r  c o n s i d e r a t i o n ,  t o  be 
doub le  t h a t  o f  t h e  eng ine  speed.  This  s a f e t y  f a c t o r  was 
c o n s i d e r e d  n o r e  t h a n  s u f f i c i e n t  and a l s o  t u r n e d  o u t  t o  be  
s o  i n  p r a c t i c e .  

A d i f f i c u l t  problef l  was p r e s e n t e d  by  t h e  r o l l e r  bea r -  
i n g  between t h e  t w o  hubs. T h i s  b e a r i n g  w a s  t o  be under  
l o a d  only  d u r i n g  t u r n s  and  was t o  t a k e  c a r e  o f  t h e  e f f e c t  
o f  t he  g y r o s c o p i c  coup le  o f  t h e  f o r w a r d  p r o p e l l e r  b u t  i t  
r o t a t e d  at  3,900 r e v o l u t i o n s  p e r  minute  and was unab le  t o  
r e c e i v e  f o r c e d  l u b r i c a t i o n .  Tests were t h e r e f o r e  conducted  
a t  t h e  O.V.P. b e a r i n g  f a c t o r y  and the  b e a r i n g  a f t e r  50 
hours o f  r o t a t i n g  at  4,000 r e v o l u t i o n s  p e r  minute  under  
200 kg (441 13) l o a d  and l i g h t  l u b r i c a t i o n  was found t o  be 
i n  p e r f e c t  c o n d i t i o n .  

In  o r d e r  t o  l i g h t e n  t h e  c o n s t r u c t i o n  as much as pos- 
s i b l e ,  t h e  p r o p e l l e r  hubs which p e r m i t t e d  blade a d n u s t n e a t  
on t h e  ground were f o r n e d  o f  a s i n g l e  p i e c e  w i t h  t h e  sha f t .  
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Advantage was t a k e n  o f  t h e  c e n t r a l  p o r t i o n  t o  l o c a t e  
t h e r e i n  n o t  o n l y  the  p r o p e l l e r - r e d u c i n g  g c a r  but a l s o  t h e  
d r i v e s  of t h e  cans  and o f  t h e  water and o i l  punps. E t  
was n e c e s s a r y  t o  nake  t h e  gear hous ing  s t r o n g e r  t h a n  
o t h e r w i s e  r e q u i r e d  because  t o  i t  were anchored  t h e  wings 
a n d  i t  was n e c e s s a r y  t o  t a k e  i n t o  accour,t  t housands  o f  
k i l o g r a m s  which a c t e d  on t h e  gear cove r  a t  t h e  i n s t a n t  o f  
1 an d i n g  . 

Even i n  naking use o f  t h e  p a s t s  of a known engine  
l i k e  t h e  R S 5 ,  t h e  d e s i g n  o f  t h e  thernnl.l;y l o a d e d  par ts  o f  
t h e  eng ine ,  t h o  cy l inc?e r ,  t h e  p i s t o i l ,  and t h e  v a l v e s  had 
t o  be  r e v i s e d  t o  t a k e  i n t o  accoun t  t h e  i n c r e a s e  t h e r n a l  
s t r e s s e s  caused  b y - t h e  c o n s i d e r a b l e  i n c r e a s e  i n  t h e  power 
r e q u i r e d  i n  t h e  AS6 d e s i g n .  While the  s p e c i f l c n t i o n s  in-  
posed a n i n i n w  power o f  2,300 ha r sepcwer ,  t h e  eng ine  was 
des igned  f o r  2,500 horsepower.  S ince  t h e  s u p e r c h a r g e r  
consuned about  200 horsepower ,  the noan e f f e c t i v e  p r e s s u r e  
t o  be c o n s i d e r e 6  i n  c o n p a r i s o n  w i t h  t h a t  o f  t h e  A55 was 
r e f e r r e d  t o  t h e  t o  t a l  pcwer,  i n c l u d i n g  t h e  s u p e r c h a r g e r ,  
I t  was t h e r e f o r e  c o n s i d e r e d  i n c r e a s i n g  t h e  11.2 kg /cn2  
(159 l b / s q  i n . )  of t h e  A S 5  t o  a t  l e a s t  14 o r  1 5  kg/cnz  
(199 or 213 l b / s q  i n . ) ,  The p a r t s  were t h e r e f o r e  rode-  
s i g n e d  and f i n a l l y  n o d i f i e d  on t h e  t e s t  bench,  as w i l l  be 
d e s c r i b e d  Bore i n  d e t a i l  i n  ' t h e  s e c t i o n  Selcw. 

The d i s t a n c e  between t h e  c y l i n d e r  axes was reduced  
t o  a ninirium f o r  r e a s o n s  o f  weight  and l e n g t h .  The w a t e r  
p a s s a g e s  a round t h e  c o n b u s t i o n  chanbe r s  betwe.en one c y l i n -  
d e r  and t h e  o t h e r  were reduced  t o  a n i n i n u n  s o  t h a t  t h o  
d i s t a n c e  between t h e  t w o  d i a n e t e r s  o f  t h e  c y l i n d e r s  a t  
t h a t  p o i n t  amounted t o  on ly  1 6  n i l l i m e t e r s  (0.63 i n c h ) .  
?the c o n s t r u c t i o n  o f  t h e  c y l i n d e r  o f  welded s t e e l  w i t h  cor-  
r e spond ing  j a c k e t s  was found t o  be c l e a r l y  s u p e r i o r  t o  t h e  
nonobloc c o n s t r u c t i o n  of c a s t  a luninwn which i n  t h i s  r e -  
s p e c t  would  have  r e q u i r e d  n o t  l e s s  t h e n  23 n i l l i n e t e r s  
(0.90 i n c h ) .  

A t  f i r s t ,  on ly  t w o  w a t e r  p u p s  were p r o v i d e & ,  each  
f e e d i n g  t w o  r o w s  o f  s i x  c y l i n d e r s .  Fol lowing  t L e  r e s u l t s  
o f  t e s t s  on t h e  s i n g l e  c y l i n d e r ,  t h e  nunber  o f  pumps w a s  
r a i s e d  t o  f o u r ,  one f o r  each  row o f  s i x  c y l i n d e r s  i z l  o r d e r  
t o  i n c r e a s e  t h e  q u a n t i t y  o f  c o o l i n g  wa te r .  

' The i g n i t i o n , f o r  r e a s o n s  o f  w e i g h t ,  was bg b a t t e r y .  
I t  was found t h a t  t h e  s y s t e n  c o n s i s t i n g  o f  four g e n e r a t o r s  
w i t h  t h e  b a t t e r y  and charging dynamo weighed 10 k l log rans  
(143 l b )  less t h a n  fou r  n a p e t o s  and t h e i r  d r i v e s  o f  t h e  
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t y p e  then  a v a i l a b l e .  The g e n e r a t o r s  were c o n v e n i e n t l y  
l o c a t e d  a t  t h e  end o f  t h e  can boxes.  I t  w i l l  be s e e n  i n  
what f o l l o w s  what s e r i o u s  d i f f i c u l t i e s  t h i s  arrangement  
gave r i s e  t o .  

The main- and connec t ing - rod  b e a r i n g s  were found. t o  
be v e r y  h i g h l y  l o a d e d , a s  may be seen  f r o m  t a b l e  11 on 
which a re  g i v e n  the  v a l u e s  p x v of  t h e  R S 6 ,  A S 5 ,  and a 
s t a n d a r d  eng ine .  I t  was t h e r e f o r e  d e c i d e d  t o  u s e  l e a d  
b ronze ,  which, however,  w a s  abwndoned f o l l o w i n g  t h e  re -  
s u l t s  o f  t h e  t e s t .  

The c rank  s h a f t s  were o f  d imens ions  equal t o  t h o s e  
o f  t h e  AS5 and  were found t o  endure  v e r y  w e l l  t h e  i n -  
c r e a s e d  s t r e s s e s .  

In o r d e r  t o  have e x a c t  a l e n e n e n t  of  t h e  two  c rank  
s h a f t s ,  t h e  e n t i r e  engine  b a s e ’ u a s  of one p i e c e  f o r  which 
r e a s o n ,  t o  f a c i l i t a t e  c a s t i n g ,  i t  was d i v i d e d  i n t o  t w o  
s e c t i o n s  i n  t h e  p l a n e  o f  s y n n e t r y  o f  t h e  r e d u c i n g  g e a r .  
S i n c e  t h e  s u p p o r t  b r a c k e t  of  t he  f u s e l a g e  closed- a t  some  
p o i n t  on t h e  b a s e ,  s u b j e c t i n g  i t  t o  u n c o n t r o l l e d  s t r e s s e s  
and  s i n c e  t h e  c o n s i d e r a b l e  l e n g t h  r e n d e r e d  i t  v e r y  f 1 e x i A l e  
i n  t o r s i o n ,  t h o  base  s t r u c t u r e  was p r o v i d e d  w i t h  much 
g r e a t e r  r i g i d i t y  t h a n  t h e  o r d i n a r y  F i a t  d e s i g n s .  A doub le  
w a l l  W ~ S  a r r a Z g e 8  all along t h e  f l a n k s  a n d  t h e  d i v i s i o n  
botwoen.,3asc and  c r a n k c a s e  was made a l o n g  a p l a n e  d i s -  
p l a c e d  downward w i t h  r e s p e c t  t o  t h e  eng ine  a x i s .  In  o r d e r  
t o  n a i i t a i n  t h i s  i n p o s i n g  s t r u c t u r e  w i t h i n  t h e  l i m i t s  of  
wcight  s p e c i f i e d ,  it w a s  n e c e s s a r y  t o  cnp loy  nagnes iun  as 
t h e  n a t c r i a l .  

The s u p e r c h a r g e r  d i d  n o t  c o n s t i t u t e  an e n t i r e l y  new 
p r o b l e n  f o r  F i a t .  I n  I t a l y ,  F i a t  was t h e  f i r s t  t o  a p p l y  
a s u p e r c h a r g e r  f o r  an i n t e r n a l  c o n b u s t i o n  eng ine  t o  i n -  
c r e a s e  t h e  power and t h i s  was i n  1 9 2 3  on a u t o n o b i l e s  t h a t  
p a r t i c i p a t e d  i n  t h e  r a c e s  a t  T o u r s .  The s u p e r c h a r g e r  was 
of t h e  r o c i p r o c a t i n g  type .  The f i r s t  C e n t r i f u g a l  supe r -  
c h a r g e r  was a p p l i e d  on a F i a t  n a r i n e  eng ine  f o r  n o t o r  b o a t  
a n d  w a s  nounted  v o l u n t a r i l y  t o  o b t a i n  a temporary  i n c r e a s e  
i n  t h e  power o f  t h e  e n g i n e  i n  embarking. 

Plever b e f o r e ,  however,  had F i a t  been c a n f r o a t e d  w i t h  
t h e  p r o b l e n  o f  a c e n t r i f u g a l  Supe rcha rge r  o f  such  l a r g e  
c a p a c i t y  (5,000 n 3 / h r  (175.57 c u . f t / h r ) ) .  The n o s t  singu- 
l a r  f e a t u r e  was t h a t  o f  f e e d i n g  t w o  i ndependen t  engines .  
T h i s  s y s t e n  had a l r e a d y  foune? a p p l i c a t i o n  i n  t h e  l a s t  
y e a r s  o f  t h e  w a r  i n  s o a e  Gernan d e s i g n s  of  l a r g e  bonbing 
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a i r p l a n e s  p r o v i d e d  w i t h  s u p e r c h a r g e r  where t h e  l a t t e r  
d r i v e n  by an a u x i l i a r y  n o t o r  f e d  t w o  o r  more independent  
eng ine  u n i t s .  I t  was t h e r e  a o f  d i s t r i b u t i n g  p u r e  
a i r  under  p r e s s u r e  t o  d i s t i n c t  c a r b u r e t o r s  be long ing  t o  
d i f f e r e n t  eng ines .  The f eed  s y s t e n  of each  eng ine  and 
t h e  l e n g h t s  o f  t h e  p i p e s  were n o t  mod i f i ed  by t h e  e f f e c t  
o f  t h e  supe rcha rg ing .  The e n t i r e  problem was t h e r e f o r e  
r educed  t o  a n  e x p e r i m e n t a l  s t u d y  o f  t h e  p e r f e c t  ba l anc -  
i n g  o f  each  c a r b u r e t o r  unde r  t h e  new p r e s s u r e  c r e a t e d  by 
t h e  s u p e r c h a r g e r  a t  %he. c a r b u r e t o r  i n t a k e .  I n  t h e  c a s e  
o f  t h e  A S 6 ,  i t  would l i k e w i s e  have been p o s s i b l e  t o  adopt  

c e r t a i n  p e r i o d  t h e r e  w a s  h a s t i l y  equipped  a v a r i a n t  o f  
. such  a s y s t e n  t h a t  was t h e n  abandoned. T h i s  meant,  how- 

e v e r ,  l o c a t i n g  t h e  c a r b u r e t o r s  i n  t h e  c e n t e r  o f  t h e  V 
and a l t h o u g h  t h i s  was e a s y  f o r  t h e  r e a r  e n g i n e  i t  w a s  n o t  
s o  f o r  t h e  f o r w a r d  e n g i n e  where t h e  V space  was occupied  
by t h e  o p p o s i t e l y  r o t a t i n g  p r o p e l l e r  sha f t s .  The carliu- 
r e t o r s ,  s i x  i n  nunbe r ,  were v e r y  s u c h  reduced  b u t  t h e  
s u p e r c h a r g e  p i p e  s t i l l  p r o j e c t e d  out beyond t h e  e n g i n e ,  
s e r i o u s l y  a f f e c t i n g  t h e  v i s i b i l i t y  and  s t r e a n l i n i n g  o f  t h e  
seap lane .  The weight  i n c r e a s e d  a p p r e c f a 5 f y  and t h e  regu-  
l a t i o n  o f  s i x  C a r b u r e t o r s  r e q u i r e d  a nuch l o n g e r  t i n e  than  
t h a t  r e q u i r e d  by t w o .  

. t h e  s y s t e n  o f  c a r b u r e t o r s  un6er  p r e s s u r e  and d u r i n g  a 

I t  was t h e r e f o r e  p r e f e r r e d  t o  c o n f r o a t  t h e  unknown 
f u e l  d i s t r i b u t i o n  p r o b l e n s  r a i s e &  by a s u p e r c h a r g e r  r a t h e r  
: than g i v e  up t h e s e  advan tages .  I n  what f o l l o w s ,  sone- 
t h i n g  w i l l  be s a i d  o f  t h e  e x t r a o r d i n a r y  l a b o r i o u s n e s s  o f  
t h e s e  t e s t s  t h a t  such  s o l u t i o n  requi ro t l .  

The s u p e r c h a r g e r  c o n s i s t e d  o f  t w o  f u s e d  b o d i e s  o f  
nagnos iun  a l l o y ,  a n  i n p e l l e r  o f  forget?  a l u n i n u n  a l l o y  o f  
r a t h e r  l a r g e  i i i a n o t e r ,  c a n t i l e v e r  s u p p o r t e d  on t h r e e  
b e a r i n g s ,  a b l a d e d  d i f f u s a r ,  fo l lowed  by a s p i r a l  d i f f u -  
so r . .  The c o l l e c t o r  at  - the  e n t r a n c e  was c e n t r a l  w i t h o u t  
s p i r a l  i n t a k e  and t h e  b l a & e s  o f  t h e  i n p e l l e r  were n o t  
cu rved  a t  t h e  i n l e t  t o  avoi t?  t h e  nolnentun l o s s e s .  (See 
f i g .  LO.) X o t w i t h s t a n d i n g  the  d e f e c t  o f  t h i s  a r r a n g e n e n t  
and  the  v e r y  grea. t  a i r  c a p a c i t y ,  t h e  a d i a b a t i c  e f f i c i e n c y  
. w a s  s t i l l  0.56. 

The s u p e r c h a r g e r  was nounted  w i t h  a n  n x i s  d i spxaced  
upward t o  g e r n i t  the l o c a t i o n  o f  t h e  f u e l  punps a t  t h e  
lower  p a r t  and f o r  t h e  sane  r eason  t h e  c a r  u r e t o r  was de- 
s i g n e d  t o  be o f  t h e  i n v e r t e d  t y p e , t h u s  f a c  l i t a t i n g  t h e  
l o c a t i o n  o f  t h e  a i r  i n t a k e  w i t h o u t  w a s t i n g  p r e c i o u s  space .  
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A t  f i r s t  t h e  s u p e r c h a r g e r  was coup led  t o  t h e  eng ine  
by nesns  o f  a s i n p l e  f r i c t i o n  c o u p l i n g ,  des igned  t o  d i s -  
enSage when t h e  t o r q u e  exceeded a c e r t a i n  v a l u e  inposed  
by t h e  r e s i s t a n c e  o f  t h e  t e e t h  o f  t h e  m u l t i p l y i n g  g e a r s .  
There were t w o  o f  t hese  w i t h  v e r y  h i g h  r a t i o ,  I n  t h e  soc-  
t i o n  below w i l l  be d i s c u s s e d  the  m o d i f i c a t i o n s  t h a t  had 
t o  be  made t o  o b t a i n  a s a t i s f a c t o r y  r e s u l t .  

The c a r b u r e t o r  a n 8  t h e  f u e l - f e e d  s y s t e n  were s t u d i e d  
w i t h  t h e  o b j e c t  o f  a s su r ing  a n  e q u a l  d i v i s i o n  of  t h e  f u e l  
between t h e  t w o  t a n k s  c o n t a i n e d  i n  t h e  f l o a t s .  T h i s  was 
n e c e s s a r y  t o  a v o i d ,  a f t e r  a c e r t a i n  t i n o  o f  f l i g h t ,  hav ing  
one t ank  e n p t y  and t h e  o t h e r  f u l l  w i t h  t h e  r e s u l - t i n g  s t r o n g  
weight  diSeqUilibPiUR t h a t  woui.6 r e n d e r  t ake -o f f  and l a n d -  
i n g  d i f f i c u l t  and dangerous.  The a r r a n g e n e n t s  adoptee? on 
t h e  A S 5  and t h e  c o r r e s p o n d i n g  a i r p l a n e  were Sased on  t h e  
d i v i s i o n  i n  t w o  e q u a l  p a r t s  o f  t h e  overf low o f  t h o  f u e l  
punp but r e q u i r e d  B l o n g  a d j u s t n e n t  and were n o t  q u i t e  
s a t i s f a c t o r y .  On the  A S 6 ,  i n s t e a d  o f  a s i n g l e  c i r c u i t ,  
t w o  were a r r a n g e d  c o n p l e t e l y  independent  o f  each o t h e r  
( f i g s .  11 and 1 2 ) .  The c a r b u r e t o r  was t h e r e f o r e  d i v i d e d  
i n  t w o  each  w i t h  a f l o a t  chanber  an3  four v e n t u r i  t ubes .  
Each c i r c u i t  c o n s i s t e d  of a r e s e r v o i r  c o n t a i n e d  i n  t h e  
f l o a t ;  a g e a r e d ,  h i g h - c a p a c i t y  punp w i t h  c o r r e s p c n d i n g  
over f low retnrn i n  t h e  f l o a t ;  a s n a l l  a u x i l i a r y  t a n k  a t  
a t n o s p h e r i c  p r e s s u r e  c o n t a i n i n g  a q u a n t i t y  o f  f u e l  s u f f i -  
c i e n t  f o r  cu rved  f l i g h t ;  an  a u t o m a t i c  r e g u l a t i n g  pump f o r  
g i v i n g  a c o n s t a n t  p r e s s u r e  a t  t h e  c a r b u r e t o r ,  s i n c e  i t  was 
n o t  p o s s i b l e  t o  r a i s e  t h e  a u x i l i a r y  punps t o  c r e a t e  a 
g a v i t y  head; and ,  f i n a l l y ,  t h e  c a r b u r e t o r .  W i t h  t h i s  sys-  
tem, t h e  e q u a l  d i v i s i o n  of t h e  f u e l  weight  between t h e  
t w o  f l o a t s  w l z s  a u t o n a t i c ,  p rov ided  t h e  f u e l  was e q u a l l y  
d i v i d e d  between t h e  t w o  c a r b u r e t o r s .  The l a t t e r ,  opening 
i n t o  a s i n g l e  c o l l e c t o r  a t  thct e n t r a n c e  o f  t h e  s u p e r -  
c h a r g e r  were b o t h  s u b j e c t e d  t o  a s t r i c l y  e q u a l  vacuumr 
The e n t i r e  problein was t h u s  reduced t o  n a k i n g  s u r e  t h a t  
t h e  q u a n t i t y  o f  f u e l  d e l i v e r e d  by t h e  j e t s  o f  t h e  t w o  c a r -  
b u r e t o r s  unde r  t h e  same vacuum w a s  e q u a l ,  a p rob lem v e r y  
s i n p l y  s o l v e d  by c a l i b r a t i n g  t h e  c a r b u r e t o r  j e t s .  The 
s y s t e n  proved e n t i r e l y  s a t i s f a c t o r y ,  I t  was on ly  neces-  
s a r y  t o  r e p l a c e  t h e  a u t o n a t i c  r e g u l a t i n g  punps by o t h e r  
g e a r e d  punps nade a u t o m a t i c  by t h e  a d o p t i o n  o f  a va lve .  

The s t a r t i n g  was by compressed a i r  s u i t a b l y  d i s t s i b -  
u t e d  by d i s t r i b u t o r s  d r i v e n  by g e a r s  l o c a t e d  on t h e  reduc-  
i n g  g e a r  hous ing .  S ince  the  t w o  e n g i n e s  were independen t ,  
t h e  r e a r  eng ine  t h a t  w a s  p rov ided  w i t h  t h e  s u p o r c h a r g e r  
was f i r s t  s t a r t e d .  Then w i t h  t h e  speed o f  t h e  rear eng ine  
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s l i g h t l y  r a i s e d  s o  as  t o  c r e a t e  a p r e s s u r e  i n  t h e  f u e l  
p i p e ,  t h e  f o r w a r d  engine  was r a p i d l y  s t a r t e d .  The s ta r t -  
i n g  was a lways  s a t i s f a c t o r y ,  

MethoCs an6 T e s t  Set-U-D.- The p r e p a r a t i o n  and  condi -  
t i o n i n g  o f  an engine  o f  t h e  AS6 t ype  r e q u i r e d  a huge nun- 
b e r  o f  t e s t s ,  which l a s t e d  over  a p e r i o d  o f  a l n o s t  a g e a r  
and a h a l f .  Before  e n l a r g i n g  on t h e  p r o b l e n s  o f  g e t t i n g  
t h e  eng ine  i n  w o r k i n g  o r d e r ,  I shall b r i e f l y  r e f e r  t o  t he  
ne thods  used  i n  t h o  v a r i o u s  t e s t s .  

P r e l i m i n a r y  t o  t c s t i i i g  t h e  complete  eng ine ,  i n v e s t i -  
g a t i o n s  were c a r r i e d  o u t  on  v a r i o u s  p a r t s ,  namely, the  
c y l i n d e r ,  s u p e r c h a r g e r ,  c a r b u r e t o r ,  and on  t h o  t w o  eng ines  
w i t h  and wi thou t  Supe rcha rge r .  For t h e  - t e s t s  on t h e  c y l -  
i n d e r  a l o n e ,  a s e c t i o n  o f  t h e  b a s e  of - t h e  AS5 W R S  u t i l i z e d  
a n d  a coun te rwe igh ted  c r a n k s l i a f t  and  a d r i v e  f o r  t h o  c m -  
s h a f t s  were cons t ruc t ed -  t h a t  pe r rn i t t ed  a d i s p l a c e n e n t  o f  
t h e  h e i g h t  o f  t h e  c y l i n i t e r  by which i t s  compression r a t i o  
was varied.. P i s t o n s  and c y l i n d e r s  were t h o s e  o f  t h e  AS6.  
The cozlpressed air  o f  t h e  l a b o r a t o r y  vas used  f o r  supe r -  
c h a r g i n g ,  t h e  a i r  b e i n g  t a k e n  f r o n  a compressed-a i r  t a n k  
p rov ided  w i t h  s a f e t y  clovices and l e d  t o  t h e  c a r b u r e t o r  
i n t a k e .  These t e s t s ,  w h i l e  u s e f u l  because  t h e y  p rov ided  
p r e l i n i n a r y  data on  t h e  f u e l  n i x t u r e ,  t h e  e f f e c t  o f  t h e  
d e g r e e  o f  conpres-s ion  a n d  s u p e r c h a r g i n g ,  and $art i c u l a r l y  
because  t h e y  l e n t  t h e n s e l v e s  t o  i n p o r t a n t  n e a s u r e n e n t s  on 
t h e  t h e r n a l  b a l a n c e  and  t o  s t u d i e s  on v a l v e  t e m p e r a t u r e s ,  
i n v o l v e d  nany d i f f i c u l t i e s  which were n o t  reproduced  on 
t h e  engine  such  as i n t e r n a l  c y l i E & e r  c r n c k s  an& c r a c k s  
c o r r e s p o n d i n g  t o  t h e  f i x i n g  f l a n g e s ,  o t c . ,  due t o  unavoid.- 
a b l e  v i b r a t i o n .  

F o r  t h e  s u p e r c h a r g e r  t e s t s ,  a11 a i r p l a n e  eng ine  o f  
400 horsepower and a n u l t i p l y i n g  g e a r  was u t i l i z e d  i n  
o r d e r  t o  b r i n g  t h e  s u p e r c h a r g e r  more n e a r l y  unde r  t h e  t r u e  
o p e r a t i n g  c o n d i t i o n s .  The s u p e r c h a r g e r  t o o k  i n  a i r  through 
a l a r g e r  p r e s s u r e  t a n k  p r o v i d e d  a t  i t s  mouth w i t h  a n o z z l e  
for .measur ing  t h e  q u a n t i t y  and d i s c h a r g e d  t o  t h e  o u t s i d e  
t h r o u g h  a r e g u l a t i n g  v a l v e  which d e t e r n i n e d  t h e  oarioas 
supp ly  p r e s s u r e s .  The s u p e r c h a r g e r  w a s  s t u d i e d  b o t h  i n  
o p e r a t i o n  w i t h  p u r e  air  a n d  w i t h  f u e l - a i r  o i x t u r e .  Never- 
t h e l e s s ,  as w i l l  be s e e n  below,  w i t h  t h i s  sys tem t h e  r e a l  
t o r q u e  of t h e  d r i v e  c o u p l i n g  t h a t  was found on t h e  a c t u a l  
eng ine  w a s  n o t  s u c c e s s f u l l y  reproducsd .  

When t h e  comple te  e n g i n e  was t e s t e d ,  t h r e e  t y p e s  o f  
t e s t  s t a n d s  were  employed, one w i t h  h y d r a u l i c  b rake  w i t h o u t  
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t h e  a i r  s t r e a m  c o r r e s p o n d i n g  t o  f l t g h t ,  a n o t h e r  w i  
p r o p e l l e r s  u sed  as a b r a k e ,  and a t h i r d  w i t h  t h e  a 
f o r  c r e a t i n g  t h e  a i r  s t ream.  I t  was n e c e s s a r y  t o  s t u d y  
EZ. doub le  h y d r a u l i c  b r a k e  which was des igned  by P i a t .  One 
of t h e  b rake  sha f t s  was .hol low and p e r n i t t e d  t h e  p s s s i n g  
th rough  i t  o f  t h e  o t h e r  "brake sha f t  which t u r n e d  i n  02po- 
s i t e  d i r e c t i o n  t o  t h e  f i r s t .  A s p e c i a l  c o u p l i n g  w i t h  8 
doub le  Cardan j o i n t  was l o c a t e d  between t h e  eng ine  and 
t h e  h y d r a u l i c  b rake .  

The f i r s t  s t a n d  s e r v e d  f o r  t e s t i n g  t h e  e n g i n e  wi th -  
out t.he r e l a t i v e  wind. Four powerfu l  b l 6 w e r s ,  one f o r  
each  r o w  o f  c y l i n & o r s ,  d i s c h a r g e d  t h e  exhaus t  g;L\.ses, which 
were r ende red  poisonous  by the  p r e s e n c e  o f  t e t r a e t h y l  
Lead i n  t h e  m i x t u r e ,  t h rough  s p e c i a l  exhaus t  boxes t h a t  
could  be  opened t o  e x a n i n e  t h e  c o l o r a t i o n  o f  t h e  flame 
and o f  t h e  exhaus t  gases .  Tho hous ing  was r i g i d  and was 
o f  cas t  i ron. .  

V i t h  t h e  eng ine  a c c e p t e d  a f t e r  a n  h o u r ' s  t e s t  a t  f u l l  
t h r o t t l e  oil. t h e  dynanoneter  bench,  t h e  s p e c i f  i c o t i o n s  p ro -  
v i d e d  f o r  a second h a l f - h o u r  t e s t  on a n o t h e r  s t a n d  t h a t  
was t o  reprot?uce as n e a r l y  as p o s s i b l e  t h e  a i r p l a n e  in-  
s t a l l a t i o n s .  The a i r p l a n e  n a n u f a c t u r e r  f u r n i s h e d  the  en- 
g i n e  nounting, t he  wing r ad ia to r s ,  t h e  cowl ing ,  and t h e  
f u e l  t anks  l o c a t e d  n t  a d i s t a n c e  f r o n  t h e  c a r b u r e t o r  e q u a l  
t o  t h e  a c t u a 1 , d i s t a n c e  on t h e  seaplanel The radiators  
were cooled  by a n  a r t i f i c i a l  w a t e r  sp ray .  The p r o p e l l e r s ,  
which were l i k e  those  on t h e  a c t u a l  a i r p l a n e  but w i t h  t h e  
p i t c h  ad jus ' t ed  s o  as t o  a t t a i n  t h e  r o t a t i o n a l  speed i n  
f l i g h t ,  produced on t h e  fuselage Q r e l a t i v e  w i n d - e q u a l  t o  
t h a t  i n  f l i g h t  a n a  p e r m i t t e d  s t u d y  o f  t he  c a r b u r e t i o n  
a l s o  under  t h e s e  condZtfuns ,  The r e s u l t s  o b t a i n e d  w i t h  
t h i s  i n s t a l l a t i a a  d e v i a t e d ,  however,  v e r y  nuch f r o n  t h o s e  
t h a t  were l a t e r  o b t a i n e d  on t h e  a i r p l a n e  and on ly  gave 
ap3areil.t ' agreement .  

I t  was on only t h o  t h i r d  t e s t  s t a n d  t h a t  e x a c t  r e -  
p r o d u c t i o n  o f  t h e  f l i g h t  c o n d i t i o n s  was o % t a i n e d ,  t h e  en- 
g i n e s  mounted on t h e  s o a p l a n e  g i v i n g  r i s e  t o  no t t s u r p r i s e l l  
r e s u l t s .  The se t -up  w i t h  t h e  v e r y  l a r g e  number o f  t he  
i n s t a l l a t i o n s  cove red  a v e r y  l a r g e  a r e a  o f  a big hangar  
as nay be seen on t h e  photograph  ( f i g s .  13 and 14 ) .  This 
s e t - u p ,  which i s  s t i l l  i n  o x i s t e n c o ,  i s  p rov ided  w i t h  t h e  
dou31e h y d r a u l i c  b rake  a l r e a d y  d e s c r i b e d  and w i t h  a r i g i d  
s t a n d .  

An a i r p l a n e  engine  wi$h i t s  p r o p e l l e r  d i r e c t s  a n  a i r -  
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s t r e a m  of  m o d e r a t o  v e l o c i t y  on g i n c  t o  retrove 
t h e  exhaus t  g a s e s  f . ron t h e  amb no th  e r  a i  r p l a n c  
e n g i n e  o f  700 horsepower d r i v o s  a t w o - s t a  e blower which 
h a s  a c a p a c i t y  of 230 m3/nin (8,122 c u  f t  7 min) ,  t h e  a i r  
a t t ; a i n i n g  a p r e s s u r e  o f  2,600 mn (102.4 i n . )  o f  wa te r .  
The a i r  i s . t h e n  coo led  t o  a t e m p e r a t u r e  of a b o u t  20° in 
t w o  l a r g e ,  honeycomb radiators  w i t h  w a t e r  c i r c u l a t i o n .  
From h e r e  a p i p e  l e a d s  t h e  a i r ,  thus compressed and c o o l e d ,  
t o  a n o z z l e  l o c a t e d  n e a r  t h e  i n t a k e  o f  t h e  c a r b u r e t o r  
which t r a n s f o r a s  t h e  p r e s s u r e  i n t o  a v e l o c i t y  a d J u s t a b l e  
up t o  a naxinun o f  750 kn /h  (105.6 nph). 

The f u e l  t a n k s  are  lowered  t o  EL d e p t h  c o r r e s p o n d i n g  
t o  t h e  a c t u a l  d i s t a .nce  between t h e  t a n k s  i n  t h e  f l o a t s  and 
t h e  e n t i r e  f e e d  c i r c u i t  is t h e  e x a c t  r e p r o d u c t i o n  o f  t h a t  
:of t h e  s e a p l a n e .  The c o n t r o l  b o a r d ,  where a i l  t h e  i n s l r u -  
n e n t s  a r e  c o n c e n t r a t e d  and a l so  t h e  r e n o t e  cont ro l .  o f  t h o  
c a r b u r e t o r  v a l v e s  and sgark advance ,  t h e  flow n e t e r s  f o r  
t h e  n e a s u r e n e n t  of t h e  f u e l  conswllption, t%e n a n o n e t e r s  
f o r  th.e a i r  p r e s s u r e  and t h e  a i r  velocity, i s  p rov idad  w i t 3  
a s i g n a l  system which p e r m i t s  t r a n s n i t t i n g  t o  the  blower 
b o a r d  t h e  i n d i c a t i o n  o f  t h e  r e q u i r e d  v e l o c i t i e s .  The 
b lower  b o a r d  i s  s l i g h t l y  e l e v a t e d  and p r o t e c t e d  w i t h  a 
s c r e e n  f r o n  t h e  p r o p e l l e r  s t r eam and w i t h  t h e  a i d  of nir- 
r o r s  p e r m i t s  t h e  examina t ion  o f  t h e  f l a n e  c o l o r a t i o n  i n  
a1.2 t.he cy l in .dc r s  as w e l l  a s  t h e  r a p i d  i n s p e c t i o n  o f  t h e  
e n t i r e  c o u r s e  o f  t h e  t e s t .  

P rob lcns  Confronted  i n  t h e  F i n a l  T e s t  o f  t h e  Engine 

The problems t h a t  cane  up duz ing  t h e  l a b o r i o u s  t e s t -  
i n g  of t h e  e n g i n e  and  t h o  s o l u t i o n s  proposed  t o  s o l v e  t h e n  
w i l l  be c o n s i d e r e d  now, b e g i n n i n g  w i t h  t h o s e  p a r t s  o f  t h o  
AS6 whose d e s i g n  was s i n i l a r  t o  t h o s e  a l r e a d y  l o n g  e x p e r i -  
n e n t e d  w i t h  on s t a n d a r d  F i a t  eng ines .  

C y l i n d e r s , -  Although t h e  c y l i n d e r s  r e t a i n e d  the  sane 
b o r e  and s t r o k e  as t h e  A S 5 ,  t h e y  were edes igned  t o  i n c o r -  
p o r a t e  t h e  f o l l o w i n g  m o d i f i c a t i o n s  s a g g e s t e d  p a r t l y  by t h e  
t e s t s  conducted  on t h e  s i n g l e  c y l i n d e r :  

- .  

1. S t i f f e n i n g  o f  t h e  c y l i n d e r  heed  by a d d i t i o n  of a 
welded p l a t e  l o c a t e d  between t h e  p i p e s .  

2. More e f f i c i e n t  c d o l i n g  o f  t h e  exhaus t -va lve  s tems 
o b t a i n e d  e i t h e r  b y  extending '  t h e  wa te r  c i r c u l a -  
t i o n  t o  a g r e a t e r  l e n g t h  o f  t h e  valve g u i d e s  
o r  by c a r r y i n g  t h e  wa te r  t o  t h e  middle  o f  each 
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c y l i n d e r  r a the r  t h a n  t o  t h e  base i n  o r d e r  t o  
b r i n g  t h e  w a t e r  n e a r e r  t h e  r e g i o n  o f  t h e  s p a r k  
p l u g s  and v a l v e s ,  and  a d d i n g  a t,ube c a r r y i n g  
a s p r a y  o f  c o l d e r  w a t e r  i n  t h e  r e g i o n  o f  t h e  
v a l v e s .  The q u a n t i t y  o f  w a t e r  was i n c r e a s e d  
as conpareb  w i t  t h a t  o f  t h e  AS5.  

This  c y l i n d e r  was . found  t o  w i t h s t a n d  t h e  g r e a t e r  
power s p e c i f i e d  a n d ,  even w i t h  t h e  power i n c r e a s e d  f r o n  
2,800 t o  3,000 horsepower ,  no d i f f i c u l t i e s  were found ex- 
c e p t  s n a l l  w a t e r  l o s s e s  t h a t  were e a s i l y  r e c o v e r e d  by 
s o l d e r i n g .  

-- Pistofis.-  The p i s - ton  o f  t h e  AS5 v a s  f i n n e d  t o  p e r n i t  
easier B r a n s f e r  o f  t h e  hea t  f r o n  t h e  p i s t o n  head t o  t h e  
f u e l  bu t  i t  was c a s t  i n  s a n d  and developed c r a c k s  a t  1 ,000  
horsezower.  On t h e  AS6 t h e  f i n n i n g  was r e t a i n e d  but 
f o r g e d  a l l o y s  were use&. The weight  o f  t h i s  p i s t o n  was 
a p p r e c i a b l y  r educed  (1.16Okg (2.56 Pb)') and  t h e  c o o l i n g  sur- 
f a c e  o f  t h e  f i n s  measured 248 cn2 (30.44 sq  i n . ) .  This  
p i s t o n  cou ld  s u p p o r t  a mean e f f e c t i v e  p r e s s u r e  o f  17  kg/cm2 

' w i t h o u t  g i v i n g  t h e  l e a s t  t r o u b l e .  The a l l o y  i n l t a l l y  used 
was dura lumin  which was t h e n  advan t a g a o u s l y  r e p l a c e d  by 
h i d u n i n i u n  RB 59. 

Valves . -  The exhaus t  v a l v e s ,  c o n s i d e r e d  t,he weak 
p o i n t  o f  t h e  node rn  i n t e r n a l - c o n b u s t i o n  e n g i n e ,  d i d  no t  
f a i l  t o  r e c o i v e  p a r k i c u l a r  a t t e n t i o n  i n  t h e  d e s i g n  shop 
and i n  p r e l i n i n a r y  t e s t s  r e c e i v e d  s t i l l  f u r t h e r  i m p o r t a n t  
n o d i f i c a t i o n s  in t ended ,  t o g e t h e r  w i t h  the  c i r c u l a t i o n  of 
w a t e r  at  t h e  c y l i n d e r  head  a l r e a d y  d e s c r i b e d ,  t o  i np rove  
c o o l i n g  t o  a naxinun.  In  o r d e r  t o  conduct  t h e  h e a t  b e t -  
t e r  f r o n  t h e  c a p  t o  t h e  s t e n  w i t h i n  which was a a i n t a i n e d  
a n  a c t i v e  c i r c u l a t i o n  of w a t e r ,  a l i g h t ,  w e l l  c o n d u c t i n g  
a l u n i n u n  r o d  was i n c o r p o r a t e d  i n  t h e  stem. 

S ince  t h e  sod iun  v a l v e s  a t  t h a t  t i n e  were something 
new and n o t  s u f f i c i e n t l y  e x p e r i n e n t e a  w i t h ,  i t  was cons id-  
e r e d  b e s t  n o t  t o  i n t r o d u c e  t h e n  i n  o r d e r  n o t  t o  e n c o u n t e r  
unexpec ted  e i f f i c u l t i e s .  Sone b r i e f  t e s t s  showed i n  f ac t  
t h a t  t h e  sod iun  t ended  t o  s o l i d i f y  a l o n g  t h o  upper  p a r t  
o f  t h e  s t e n  which ,  b e i n g  a t  a l o w  t e n p e r a t u r e  p r e v e n t e d ,  
through t h e  e n e r g e t i c  c o o l i n g ,  t h e  s o d i u m  f r o n  n e l t i n g  and 
hence  nade i t s  p r e s e n c e  i n  t h e  v a l v e  s t e n  u s e l e s s ,  

B r i e f  ment ion w i l l  a l s o  be nade o f  the  phenomenon o f  
of v a l v e - s e a t  b u r n i n g ,  which gave cause f o r  much concern  
because  i t  w a s  encoun te red  i n  t h e  l a s t  s t a g e  o f  t h e  t e s t -  
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i n g  when t h e  eng ine  h&d a l r e a d y  passed  t h e  o f f i c i a l  accep-  
t a n c e  t e s t s .  These b u r n s ,  r e s t r i c t e d  t o  s n a l l  r e g i o n s  o f  
t h e  v a l s e s ,  were b e l i e v e d  a t  f i r s t  - t o  Be due t o  c o o l i n g  
d e f i c i e n c y  ani! rad ica l  Beans were a l r e a d y  talcon t o  renody 
t h e  d e f e c t ,  such  as the  r e l i n i n g  o f  t h e  c y l i n d e r s  t o  p u t  
i n  v a l v e s  o f  reduced  d inons ions ,when  i t  was d i s c o v e r e d  
t h a t  t h e  b u r n s  were due t o  a phenomenon of a p u r e l y  mechan- 
i c a l  n a t u r e .  I t  was n o t e 4  t h a t  a l l  t h e  burned v a l v e s  p re -  
s e n t e d  s i g n s  o f  h a v i n g  undergone 0, g r e a t e r  t r a v e l  t h a n  w a s  
i nposed  on t h e  vaSves by t h o  can ,  s i n c e  t h e  s p r i n g  sup& 
p 'o r t ing  dgsh  appeared  t o  have  touched  t h e  v a l v e  gU3,dc. 

' T h i s  was an  i n d i c a t i o n  o f  a d i s p h c e m c n t  o f  t h e  v a l v e  g e a r  
because  o f  a v i b r a t i o n  phenomenon. Xhen t h e  sp r i r ig s  were 
r e d e s i g n e d ,  t h e  burn6 d i s a p g e a r e d .  The l a t t e r  were e v i -  
d e n t l y  due t o  t h e  s t a n p i n g  and coiisequcnt d e t e r i o r a t i o n  

. o f  t h e  v a l v e  s e a t  which s t r u c k  a g n i n s t  t h e  c y l i n d r i c a l  
'. s e a t  w i t h  g r e a t e r  i n t e n s i t y  than  t h a t  a l lowed  f o r .  

Connect ing  Bods.-  The c o n n e c t i n g  rod  was o f  t h e  ar- 
t i c u l a t e d  t y p e  common t o  all F i a t  e n g i n e s  and  i t  WQS n o t  
c o n s i d e r e d  n e c e s s a r y  t o  make i t  any s t r o n g e r  t h a n  t h a t  of 
t h e  A S 5  s o  as n o t  It;c o v e r l o a d  t h e  b e a r i n g s  w i t h  e x c e s s i v e  
w e i g h t s  of t h e  r o t a t i n g  and  r e c i p r o c a t i n g  ~ E L S S O S .  I t  was 
t h e r e f o r e  r e d e s i g n e d  t o  a v o i d  such t r o u b l e s  8 s  t h o s e  o f  
t h e  R S 5 ,  where t h e  w h i t e  b e a r i n g  n e t a f  was c a s t  d i r e c t l y  
on t h e  c o n n e c t i n g  r o d s  and teiidod t o  c r a c k  and l o o s e n  kf i th  
g r e a t  ease .  On t h e  A S 6  c o c n c c t i n g  rod  t h e  b e a r i n g  was 
bushed w i t h  l e a d  bronze.  The f r m e , d u e  t o  the groa t  re-  
s i s t a n c e '  o f  t h i s  n a t e r i a l  t o  repca te l !  s t r e s s e s ,  whs v e r y  
much reduced i n  t h i c k n e s s  ( 0 . 0 5  mrg (0.0335 i n . ) ) .  Because 
o f  t h e  r i g i d i t y  o f  t h e  connec t ing - rod  ends , ,  t h e r e  were ho 
d i f f i c u l t i e s  o f  any k i n d ,  even when w h i t e  m e t a l  W A S  u s e d ,  
as w i . 1 1  be s e e n  below. . '  

The s t e e l  used i n  c o n s t r u c t i o n  of t h o  c o n n e c t i n g  rods 
w a s  i n i t i a l l y  n i c k e l  chrome molybdenixm w i t h  240 k i l o g r a m s  
o f  r e s i s t a n c e  ' t o  f r a c t u r e  r a t h e r  tha8 o r d i n a r y  n i c k e l  
chrome o f  110 k i log rams  r e s i s t a n c e  employed f o r  t h e  b S 5 .  
Dur ing  a c e r t a i n  p e r i o d  o f  t h e  f i n a l  t e s t i n g ,  s e r i o u s  
f r a c t u r e s  were  found. The phenomena t h a t  accompnniod t h c s e  
f r a c t u r e s ,  such  as d e f o r m a t i o n  of t h e  f o r k  o f  t h e  secondary  
connectel l  r o d ,  c r u s h i n g  o f  t h e i r  l i n o p s ,  f o r m a t i o n  o f  X- 

. shape  w r i n k l e s  on t h e  connec t ing - rod  s tam,  showed t h a t  t h o  
f r a c t u r e s  r e s u l t e d  f r o m  o v e r l o a d i n g  i n  compression.  S ince  
all t h e s e  f r a c t u r e s  occurrei!  s i m u l t a n e o u s l y  wXth b a c k f i r i n g  
i n  t h o  e n g i n e ,  t t  was concluded  t h a t  t h e y  were  causoc? by  
v e r y  high e x p l o s i o n  p r a s s u r e s  due f o  b a c k f i r e .  I t  w a s  
supposed t h a t  t h e  € l a n e  p ropaga ted  a l o n g  t h e  f e e d  p i p e  
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th rough  t h e  s t i l l - o p e n  v a l v e s  a t  t h e  b e g i n n i n g  o f  t h e  con- 
p r e s s i o n  s t r o k e  cou ld  i g n i t e  t h e  m i x t u r e  d u r i n g  t h a t  
s t r o k e .  A s  i s  r e a d i l y  computed, t h e  f i n a l  p r e s s u r e  i n  
such  c a s e  nay r e a c h  v e r y  h i g h  v a l u e s ,  and t h e  c r a c k s  c o u l d  
t h a s  be e x p l a i n e d .  The phenomenon, however has  r e p a i n e d  
obscure .  S ince  t h e s e  c r a c k s  r e v e a l e d  a weak p o i n t  o f  t h e  
e n g i n e  and because  of t h e  bad e x p e r i e n c e  w i t h  t h i s  t y p e  
of s t e e l  f o r  t h e  c r a n k s h a f t  o f  s e r i e s  p r o d u c t i o n  e n g i n e s  
and t h e  p r o p e l l e r  s h a f t  of t h e  A S 6 ,  i t  was e e c i d e d  t o  r e -  
t u r n  t o  t h @  old s t e e l  o f  110 k i l o g r a m s ,  s u i t a b l y  r e i n -  
f o r c i n g  tho  I s e c t i o n  o f  t h e  c o n n e c t i n g  rod. A f t e r  t h i s  
m o d i f i c a t i o n ,  l i t t l e  b a c k f i r e  occur red  and n o  t r o u b l e  was 
found w i t h  t h e  c o n n e c t i n g  r o d s .  

i3eariiigs.- The maen b e a r i n g s  and t h o s e  o f  t h e  connec t -  
i n g  r o d  were des igned  o f  l e a d  b r o n z e ,  which,  i n  1930 ,  con- 
s t i t u t e d  t h e  l a t e s t  f i n d i n g  o f  tochnology.  S i n c e ,  however, 
s e v e r a l  c a s e s  o f  m e l t i n g  of t h e s e  b e a r i n g s  were found and 
because  o f  t h e i r  g r e a t  s e n s i t i v e n e s s  t o ,  l o w  l u b r i c a t i o n ,  
r a t h e r  t han  c o n t i n u e  t o  e x p e r i n e n t '  w i t h  g r e a t e r  q u a n t i t i e s  
of c a r e f u l l y  f i l t e r e d  o i l  w i t h  all t h e  d e v i c e s  t h a t  expc- 
r ' i ence  had i n d i c a t e d  f o r  o b t a i n i n g  good r e s u l t s  w i t h  t h i s  
t y p e  of b e a r i n g  m e t a l ,  i t  was d e c i d e d ,  on account  o f  t h e  
l a c k  02 t ime t o  r e t u r n  t o  t h o  o ld  m a t e r i a l ,  t h a t  i s ,  t o  
w h i t e  b e a r i n g  n a t a l .  The l a t t e r ,  n o t w i t h s t a n d i n g  t h e  v e r y  
h i g h  v a l u e s  o f  t h e  l o a d s ,  gnve good pe r fo rnance .  A s  a n  
advan tage  o f  t h i s  r e t u r n  t o  t h e  o l d ,  t h e r e  was an  impsove- 
rnent i n  t h e  o i l  consumption of t h e  eng ine  due t o  t ho  
s m a l l e r  c l e a r a n c e s  r e q u i r e d  o f  t h e  w h i t e  u e t a l  as  conparod 
w i t h  t h e  r e d  an& hence t h e  s m a l l e r  p r o J e c t i o n  o f  o i l  i n t o  
t h e  cy l in 'der .  

Enzine base.-  On accoun t  of t h e  g r e a t  r i s i d i t y  neces-  
s a r y  i n  t h i s  p a r t i c u l a r  t y p e  of  v e r y  l o n g ,  n a r r o w  e n g i n e ,  
i t  w a s  n e c e s s a r y  t o  d e s i g n  t h e  base  v e r y  r o b u s t  as h a s  
been s t a t e d ,  The a d o p t i o n  of a n  n l m i n u n  a l l o y  w o u l d  have 
l e d  t o  a n o n - a d n i s s i b l e  w e i g h t ,  s o  t h a t  i t  w a s  n e c e s s o r y  
t o  u s c  nagnes iun  which had a l r e a d y  g iven  r i s e  t o  d i f f i -  
c u l t i e s  i n  t h e  c a s e  of t h e  A S 5 .  A l s o  i n  t h e  c a s e  o f  t h e  
A S 6 ,  t h e  c r a c k s  i n  t h e  s u p p o r t s  of t h e  n o u n t i n g s  were Ire- 
p e a t e d .  Fron t h e  s t u d y  of t h e  f r a c t u r e  s u r f a c e ,  t h e  s t a r t  
o f  t h e  f a t i g u e  f r a c t u r e  w a s  d e t e r n i n e d  t o  be i n  t h e  r c -  
g i o n  where t h e  ' b o l t s  of t h e  s u p p o r t i n g  h o u s i n g  t e rmina ted .  
By s u i t a b l y  r e i n f o r c i n g  t h i s  r e g i o n  w i t h  t h e  a d d i t i o n  o f  
t i e &  and v a r y i n g  the  l e n g t h  o f  t h e  b o l t s  s o  as t o  i n c r e a s e  
t h o  B i s t a n c e  between t h e  p o i n t s  of C o n c e n t r a t i o n  o f  t he  
f o r c e s ,  t h o  f r a c t u r e s  were e l i m i n a t e d ,  
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Feed sys t en . -  As n e n t i o n e a  i n  t h e  d e s c r i p t i o n  o f  t h e  
e n g i n e ,  t h e  n o s t  d i s t i n g u i s h i n g  f e a t u r e  o f  the  AS6 was 
t h e  a d o p t i o n  o f  a s i n g l e  s u p e r c h a r g e r  t o  f e e d  t w o  inde-  
pendent  e n g i n e s  and ,  f o r  r e a s o n s  o f  compactness ,  as has 
been e x p l a i n e d ,  t h e  c a r b u r e t o r  was l o c a t e d  ahead  o f  t h o  
s u p e r c h a r g e r .  The l a t t e r  r e c e i v e d  t h e  f u e l - a i r  n i x t u r e  
and d e l i v e r e d  i t  under  p r e s s u r e  t o  t h e  t w o  eng ines .  The 
f u e l  p i p e s  were of an  u n u s u a l  l e n g t h ,  t h o  d i s t a n c e s  bc- 
tween t h e  f , i r s t  and l a s t  c y l i n d e r s  b e i n g  wide ly  d i f f e r e n t  
( 0 . 9 0  mn (0.0354 i n . )  between t h e  axes  o f  t h e  f i r s t  c y l -  
i n d e r s  and t h e  s u p e r c h a r g e r  o u t l e t  conpared t o  2,250 nn 
(88.6 i n . )  between t h e  a x e s  o f  t h e  l a s t  c y l i n d e r s  and t h e  
s u p e r c h a r g e r  o u t l e t ) .  Moreover, s i n c e  t h e  t w o  groups  o f  
1 2  c y l i n d e r s  c o n s t i t u t e d  t w o  independent  sys t ems ,  t h e m  
weWs ;t phase d i s p l a c e n o n t  o f  t h e  i n t a k e  o f  one systen w i t h  
r e s p e c t  t o  t h e  o t h e r  t h a t  n i g h t  have l e d  t o  s e r i o u s  d i f -  
f i c u l t i e s  even when t h e  problem was s i n p l i f i c d  by hav ing  
t h e  p i p e s  unde r  p r e s s u r e  r a t h e r  t h a n  vacuun as i n  t h e  
usual eng ines  p rov ided  w i t h  s u p e r c h a r g e r s .  S ince  t h e  
s n p e r o h a r g e r ,  because  o f  t h e  h e a t  g e n e r a t e d  du.ring coa- 
p r e s s i o n  and t h e  mechanica l  mixing a c t i o n  produced by t h e  
i n p e l l a ,  t ended  t o  r e n d e r  t h e  n i x t u r e  more un i fo rm,  
f a v o r i n g  v a p o r i z a t i o n ,  i t  was unavo idab le  t h a t  condensa- 
t i o n  o f  t h o  f u e l  shou ld  occur  aft o f  t h e  s u p e r c h a r g e r  a t  
t h e  v a r i o u s  s p e e d s  and p a r t i c u l a r l y  i n  i d l i n g  and t h i s  
c o n d e n s a t i o n ,  b e i n g  i r r e g u l a r l y  d i s t r i b u t e d  a t  t h e  c y l -  
i n d e r s ,  would have  fed t o  s e r i o u s  l a c k  o f  u n i f o r n i t y  of  
d i s t r i b u t i o n  o f  t h e  n i x t u r e  t o  t h e  v a r i o u s  c y l i n d e r s .  

I 

I n  o r d e r  t o  avo id  t h e s e  d i f f i c u l t i e s  i n h e r e n t  i n  t h e  
d e s i g o  i t s e l f  and because  o f  t h e  p a r t i c u l a r  a p p l i c a t i o n  
r e q u i r e n e n t s ,  v a r i o u s  t y p e s  o f  i n t a k e  p i p e s  were des igned  
and t e s t e d ,  I n i t i a l l y  t h e  s u p e r c h a r g e r  had t w o  o u t l e t s  
t o  which were connec ted  t w o  p i p e s  p a r a l l e l  t o  t h e  r o w s  o f  
c y l i n d e r s .  With t h i s  sys t em,  however,  t h e r e  was a very 

’ d i v e r g e n t  f u e l  d i s t r i b u t i o n  f o r  t h e  t w o  c y l i n d e r  rows .  
There was t h e n  t r i e d  a s i n g f c  p i p e  l o c a t e 3  i n  t h e  V of t h e  
c y l i n d e r s  and from which l a t e r a l  b ranches  pas sed  o u t ,  
f e e d i n g  f i r s t  t h r e e  t h e n  two  c y l i n d e r s .  The f o r m  a n d  sec -  
t i o n  o f  t h i s  p i p e  were changed s e v e r a l  t i n e s  u n t i l  f i n a l l y  
a c i r c u l a r  s e c t i o n  was chosen w i t h  t h e  p i p e  l o c a t e d  above 
t he  c y l i n d e r s  i n  such  a manner t h a t  no c o n d e n s a t i o n  cou ld  
be fo rned  and t h e n  be u n e q u a l l y  d i s t r i b u t o d  t o  t h e  v a r i o u s  
c y l i n d e r s .  I t  i s  t o  be observed  t h a t  t h i s  shape o f  p i p e  
which,  i n  p r a c t i c a l  t e s t s  proved t o  be t h e  b e s t  f r o m  t h e  
p o i n t  o f  view o f  t h e  u n i f o r n i t y  o f  t h e  f u e l  d i s t r i b u t i o n ,  
p r e s e n t e d  the d i s a d v a n t a g e  of a g r e a t  vo luae  o f  gas, The 
dangerous  e f f e c t s  o f  p o s s i b l e  b a c k f i r i n g  were t h e r e f o r e  
i n c r e a s e d .  
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This  br , ings  as t o  t h e  d i f f i c u l t y  .w Es t h e  
g r e a t e s t  t r o u b l e  d u r i n g  t h e  e n t i r e  f i n a  s t  
i n g  t h e  f i r s t  f l i g h t s  and which r e q u i r e d  t h e  m o s t  t 
t o  e l i n i n a t e ,  if n o t  e n t i r e l y ,  a t  l eas t  t o  a suf 
e x t e n t  t h a t  no se r ious  consequences were produced. 

has remained obscure ,  but .  i t  n u s t  have been due t o  de fec -  
t i v e  c o n l p s t i o n  produced by v a r i o u s  causes ,wh ich  were i n -  
v e s t i g a t e d  and  s u c c e s s i v e l y  e l i m i n a t e d .  The f i r s t  was 
d e f e c t i v e  I s n i t i o n  and t i n i n g ,  As has been s a i d ,  t h e  en- 
g i n e  was i n i t a l l y  des igned  w i t h  b a t t e r y  and dynano i g n i -  
t i o n .  Tho s p a r k  g e n e r a t o r s ,  fqur  i n  number, were conpac t -  
l y  l o c a t e d  a t  t h e  f o d r  ends o f  t h e  tian’ boxes where t h e y  
were d r i v e n  by t h o  camshaft  through s u i t a b l e  c o u p l i n g s .  
Trouble  was found i n  f r e q u e n t  b reaks  o f  t h e s e  c o u p l i n g s  
and b r e a k s  i n  t h e  b r u s h e s  o f  the g e n e r a t o r s .  Th i s  w a s  a 
f i r s t  i n d i c a t i o n  of a b n o r n a l  o p d r a t i o n .  It  was d a c i d e d  
t o  nake a b e t t e r  s t y d y  o f  t h e  mot ion  of t h e s e  p a r t s  f n  
o r d e r  t o  b& able t o  e x p l a i n  t h e  f r a c t u r e s  and on o b s e r v i n g  
t h e  motion o f . t h e  r o t a t i n g  b rushes  w i t h  t h e  s t r o b o s c o p o  
it  was found tha t  at c e r t a i n  speeds  of t h e  e n g i n e  the  
b r u s h e s  were s u b j e c t e d  t o  t o r s i o n a l  v i b r a t i o n s  o f  such 
l a r g e  a m p l i t u d e  t h a t  t h e  s p a r k b c c u r r e d  a t  a d i f f e r e n t  
c o n t a c t  f r o m  t ha t  i n t e n d e d ,  c a u s i n g  a s h i f t  o f  t h e  igzlf’- 
t i o n  out o f  phase  and hence  b a c k f i r e .  Decause o f  t h e  l f n -  
i t a t i o n  o f  t ime and o t h e r  t r o u b l e s  found w i t h  t h e  dynamo 
i t  was d e c i d e d  t o  r e t u r n  t o  t h e  s o l u t i o n  o f  i g n i t i o n  by 
nngne to  a l r e a d y  t e s t e d .  The f r o n t  o f  t h e  eng ine  and t h e  
s u p e r c h a r g e r  h o u s i n g  were t h u s  r e d e s i g n e d  t o  mount t h o  
nagne tos .  With t h i s  s o l u t i o n ,  t h e  t o t a l  weight  o f  t h e  
i g n i t i o n  system was reduced  by 10 k i l o g r a n s .  

The u n d e r l y i n g  r e a s o n  f o r  t h i s  t endency  t o  b a c k f i r e  

Having e l i n i n a t e d  t h e  i g n i t i o n  d is turbances ,  t h e  back- 
f i r e  d i n i n i s b e d  i n  f r e q u e n c y  bufi p e r s i s t e d  at t h e  h i g h  
speeds , .  The c a u s e  was found i n  t h e  c a r b u r e t i o n ,  which 

l e a n  a t  t h e  ly en- 
r e  a t  t h e  h i  t o  be 

t o o  r i c h  and .unaccep tab le  a t  l o w  speeds .  The c a r b u r e t o r  
was t h e r e f o r e .  n o d i f i e d  by i n t r o d u c i n g  a n  a u t o n a t i c  rich- 
m i x t u r e  c o n t r o l  which o p e r a t e d  on ly  a t  h i g h  speeds. There 

t h e  doub le  f e  c a r b u r e t o r  whose use  
11 modern air  ane e n g i n e s ,  B 
i o n  of t h e  en ne w a s :  g r e a t l y  

’ #  B a c k f i r e  caused  by d i r t y  s p a r k  p l u g s  0; by a u t o i g n i -  
t i o n  s t i l l  p e r s i s t e d ,  however. The g r e a t e s t  c a r e  was 



was c o n t a i n e d  I n  t h e  f e e d  p i p e  a l o n e ,  s u i t a b l e  s a f e t y  
v a l v e s  were f i n a l l y  a r r a n g e d  a t  various p o i n t s  o f  t h e  p i p e  
and o f  t h e  s u p e r c h a r g e r .  With a l l  t h e s e  d e v i c e s ,  t h e  
o p e r a t i o n - o n  t h e  t e s t  s t a n d  was f i n a l l y  s a t i s f a c t o r y  and 
t h e  i n i t i a l  a c c e p t a n c e  t e s t s  o f  oze h o u r ' s  o p e r a t i o n  o f  
t h e  eng ine  w i t h o u t  blower a i r  ware s a t i s f a c t o r y i  

The b e c k f i r e  problem proved s e r i o u s  when t h e  f i r s t  
f l i g h t  t e s t s  were made. The s p a r k  p l u g s . c h o s e n ,  b e i n g  o f  
p o r c e l a i n ,  were f r a c t u r e d  i n  f l i g h t  and hence gave r i s e  
t o  i r r e g u l a r  i g n i t i o n  and d i f f i c u l t i e s  i n  t h e  w a t e r  c i r -  
c u l a t i o n  l e d  t o  a u t o i g n i t i o n  a t  t h e  s p a r k  p l u g s .  These 
t w o  i r r e g u l a r i t i e s  produced b a c k f i r e  and t o  t h e s e  wera 
added d e f e c t s  i n  t h e  f u e l  f e e d  due t o  t h e  automatic regu-  
l a t i n g  pumps which produced t h e  same d i f f i c u l t y .  -Having 
e l i m i n a t e d  t h e s e  d i s t u r b a n c e s  i n  s u c c e s s i v e  f l . i gh t s ,  t h e  
b a c k f i r e  s t i l l  p e r s i s t e d  i n  some c a s e s .  This  l e d  t o  t h e  
s u s p i c i o n  t h a t  t h e  f l i g h t  wind by a c t i n g  on an a i r  f h t a k e  
o f  i n s u f f i c i e n t  l e n g t h  c r e a t e d  v o r t i c e s  a t  t h e  c a r b u r e t o r  
e n t r a n c e ,  p roduc ing  suciden v t t r iQ t ions  i n  t h e  f u e l  level 
i n  t h e  t a n k  and  hence  dangerous  l e a n i n g  o f  t h e  m i x t u r e .  
I t  was t h e n  d e c i d e d ,  s i n c e  p a r t i c i p a t i o n  i n  t h e  Schne ide r  
Cup r a c e  was no l o n g e r  p o s s i b l e ,  t o  b r i n g  t h e  eng ine  t o  
t h e  s t a n &  a g a i n  t o  r e p e a t  t h e  t e s t s  w i t h  t h e  r e l a t i v e  



g i n o  and t h i s  a c t e d  a s . a  d i f f u s o r ,  t r a n s f o r m i n g  t h e  
ene rgy  of t h e  wind i-nto p r e s s u r e .  S ince  t h e  v e l o c i t k c s  
v a r i e d  g r a d u a l l y  f r o m  t h e  c o n d i t i o n s  a t  t a k e d o f f  t o  t h o s o  
a t  f u l l  t h r o t t l e ,  l e v e l  f l i g h t ,  t h e  dynamic p r e s s u r e  o f  
t he  wind a l so  underwent l a r g e  v a r i a t i o n s .  I t  was n e c e s s a r y  

' t h e r e f o r e  t o  s t u d y  f r o m  t h e  b e g i n n i n g  t h e  r o g u l a t i o n  a t  
t h o  c s r b u r o t o r  w i t h  t h e  o b j e c t  of r e n d e r i n g  i t  a u t o m a t i c  
a t  t h e  v a r i o u s  v e l o c i t i e s .  For  t h i s  pu rgose ,  a t  a s u i t a b l e  
s e c t i o n  o f  the a i r  i n t a k e , . a .  m u l t i o r i f i c e  p i t o t  t u b e  was 
mounted, each  o r i f i c e  o f  which conduc ted ,  by means 0 f . a  
s u i t a b l e  t u b e ,  t h e  ambient  p r e s s u r e  t o  t h e  d i f f e r e n t  con- 
p a r t m e n t s  o f  the  c a r b u r e t o r ,  namely, t h e  f l o a t  charnbor, 
t h e  minimurn a d j u s t n e n t ,  t h e  f u e l  punps , e t c .  

. .  

There were t h e n  c a r r i e d  ou t  the.  t e s t s  w i t h  t h e  appa- 
r a t u s  a l r e a d y  d e s c r i b e d  which reproduced  t h e  r e l a t i v e  
f l i g h t  wind, s u i t a b l y  c o n c e n t r a t i n g  i t  a t  t h e  a i r  i n t a k e  
o f  t h e  engine .  The v e l o c i t g  was s u i t a b l y  v a r i e d  and by 
neans  o f  t r a n s p a r e n t ,  l e v e l  t u b e s  t h e  v a r i a t i o n s  i n  t h e  
l e v e l  o f  t h e  f u e l  cont i t ined  i n  t h e  c a r b u r e t o r  f l o a t ' c h a n -  
b e r  were observed.  I n  o r d e r  t o  reproduco  b e t t e r  t h e  oper- 
a t i n g  c o n d i t i o n s  o f  t h e  e n g i n e ,  the  e n t i r e  f u e l  c i r c u l a t -  
i n g  a p p a r a t u s  as i t  a c t u a l l y  e x i s t e d  on  t h e  eng ine  was 
t r a n s p o r t e d  t o  t h e  t e s t  chanber  and used i n  t h e  t e s t s . :  
The c a r b u r e t i o n  c o u l d  thus be  p e r f e c t l y  r e p l n t e d ,  r e n d e r -  
i n g  i t  n o n - s e n s i t i v e  t o  v a r i a t i o n s  i n  v e l o c i t y .  A d c f i -  
n i t e  ronedy was t h u s  f o u n d  a g a i n s t  t h e  c h r o n i c  b a c k f i r i n g  
and i n  t h e  subsequent  f l i g h t s  t h e  t roub le '  was e l i m i n a t e d .  

The a p p l i c a t i o n  of t h o  dynanic  a i r  i n t a k e  which =ti- 
f i z e d  t h e  e f f e c t  o f  t l ie wind r e s u l t e d  i n  ari i n c r e a s e  o f  
t h e  supe rcha rge  o f  t h e  engine  and hencs  i n  an  i n c r e a s e  i n  
t h e  power which t h e  e n g i n e  cou ld  s a f e l y  9ave lop .  Thus, 
w h i l e  t h e  power of t he  engirze b e f o r e  t h e  a p p l i c a t i o n  o f  
t h e  dynamic i n t a k e  was abou t  2,400 horsepower,  i t  was 
l a t e r  i n c r e a s e d  t o  2,800 horsepower a$d i n  t h e  eng ine  i n -  
t ended  f o r  t h e  r a c e ,  w i t h  a f i n a l  i n c r e a s e  o f  t h c  r a t a -  
t i o n a l  speed f r o m  3,200 t o  3,300 r e v o l u t i o n s  p e r  minute, 
and wi th  a s e v e r a l - s t a g e  s u p e r c h a r g e r ,  3,000 horsepower 
were o b t a i n e d  a t  t h e  brake.  

Supercharger . -  The supercharger ,   is has a l r e a d y  been 
sa id ,  w a s  f i r s t  s e p a r a t e l y  p rov ided ,  b e i n g  gea red  t o  g i v e  
t h e  speeds  o f  17 ,000 ,  19,000, and 21,000 r e v o l u t i o n s  p e r  
n inu te .  During t h e s o  t e s t s ,  t h e  f i n a l  f o r m  o f  t h e  d i f f u s -  

s u p p o r t  o f  t h e  i n p c l l e r  s h a f t ,  s u b s t i t u t i n g  f o r  t h e  bush- 
i n g s ,  b a l l  and r o l l e r  b e a r i n g s .  I t  was n o t  p o s s i b l e ,  how- 

' er was chosen and i t  w a s  found n e c e s s a r y * t o  modify t h e  
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e v e r ,  t o  e l i n i n a t e  t h e  d 
t h e  e n g i n e ,  which appea red  on ly  when t h e  s a r g e r  w a s  

n o d i f i c a t i o n s  and f i n a l l y  a p a s s a b l e  s o l u t i o n  was found 
i n  the1 use  o f  a f r i c t i o n  c l u t c h  g r a d u a l l y  and  a u t o n a t i c a l -  
l y  engaging  by t h e  a c t i o n  of t h e  c e n t r i f u g a l  f o r c e  on a 
row o f  s p h e r e s  whish e x e r t e d  a l o a d  on a pack of  d i s k s .  
There was a lways  found a r a p i d  wear o f  t h e  d i s k s  and on ly  
by t h e  use  o f  a s p e c i a l  c o n b i n a t i o n  o f  c a s t  and s t e e l  
d i s k s  was t h e  wear h e l d  down t o  t h e  r e q u i r e d  l i n i t s  be- 
tween o v e r h a u l i n g s .  Trouble  was a l s o  found w i t h  f r a c t u r e s  
of t h e  a l u n i n u n  i n p e l l e r  which were r e n e d i c d  by t h e  s u i t -  
a b l e  r e in fo rcemen t  o f  t h e  i n p e l l e r  blactes th rough t h e  use  
o f  h i d u n i n i u n .  M o r e o v e r , . t h e - e n t i r e  s u p e r c h a r g e r  body, 
which was o f  negnes iun ,  WEZS r e i n f o r c o d  a t  various t i n e s  t o  
p u t  i t  i a  a c o n d i t i o n  t o  r e s i s t  t h e  b a c k f i r e  and  was pro-  
v i d e d  w i t h  s a f e t y  v a l v e s .  

’ i n s t a l l e d  on t h e  engine .  T h i s  neiibor unde 

Tlic l e a k a g e  o? o i l  i n  t h e  s u p e r c h a r g e r  gave muck 
, t r o u b l e  on accoun t  o f  t h o  d i r t y k n g  of t h e  s p a r k  plugs and 

t h u s . c a u s i n g  b a c k f i r i n g .  A f t e r  s e v e r a l  e x p e r i n e n t s ~ o f  
v a r i o u s  l a b y r i n t h s  p l n c e d  between t h a  s h a f t  f a n  and g e a r  
box, i t  was f i n a l l y  e l i n i n a t a c ?  by t h e  a r t i f i c e  o f  p l a c i n g  
t h e  l a b y r i n t h  unde r  a tmosphe r i c  p r e s s u r e .  The l o c a l  v a c u m  
which sucked o i l  i n t o  t h e  s u p e r c h a r g e r  was thus e l i m i n a t e d .  

P r o p e l l e r  r educ ing  gear . -  The on ly  t r o u b l e  found was 
f r a c t u r e  o f  t h e  s h a f t s  a t  t h e  u u l t i p l e  f i x i n g  grooves  o f  
t h e  g e a r s .  I t  was r e n e d i e d  by e l i n i n a t i n g  t h e  f o r c e  con- 
c o n t r a t i o n  on t h a  t e e t h  o f  t h e  s h a f t  by h a v i n g  t h e n  l o n g e r  
t h a n  t h o s e  o f  t h e  g e a r  and a l so  by changing  t h e  type  o f  
s t e e l .  

I- F-cte1.- A s  alreod-y ~ e n t i o n e d ,  t h o  so1u”;on adop ted  f o r  
t h e  AS6 p r o v i d e d  f o r  ‘a r e l a t i v e l y  l o w  s u p e r c h a r g e  and t h i s  
mado i t  u n n e c e s s a r y  t o  use m i x t u r e s  o f  h igh  l a t e n t  h e a t  of 

n. For  t h e  f i r s t  t i n e  the dse o f  t e t r a e t h y l  
a n t i d e t o n a n t  was i n t r a  ced.‘ Two m i x t u r e s  were 

u s e d ,  t h e  f i r s t y d e n o t e d  as a P r a t t s  c i x t u r e  o f  g a s o l i n e  
b a s e  w i t h  benzene and lead ,  s e r v e d  f o r  t h e  f i r s t  endurance  

This  m i x t u r e ,  c h a r a c t e r i z e d  by a l o w  s p e c i f i c  
t a n d - h i g h  c a l o r i f i c  v a l u e ,  p o s s e s s e d  a l o w  l a t e n t  

A t  r h i g h  t e m p e r a t u r e  o f  
d n  a l o w  loss i n  power o f  
n.t , s e d  t o  t h e  01 t u re  w i t h  a l c o h o l . ,  The 

f u e l  c o n s u n p t i o n ,  however,  i np roved  about 8 p e r c e n t , f i n a l l y  
t h e  ex t r eme ly  l o w  v a l u e  o f  240 g/hp-hr  (0.529 l a ) .  
. g r e a t  v o l a t i l i t y  and hence good f u e l  d i s t r i b u t i o n  
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b u t  e x c e s s i v e  i c e  f o r m a t i o n  on t h e  c a r b u r e t o r  v a l v e s  
ex many t e s t s ,  t h e  f o l l o w i n g  m i x t u r e  vas f i n a l l y  d e c i d e d  
upon 2 

Stanavo benz ine  - - - 55 p e r c e n t  by volume 

E t h y l  a l c o h o l  - - - - 23 p e r c e n t  by: vol-une 

BenzenG - - - - - - - 22 p e r c e n t  By volume - 
100 + 1.5 p e r c e n t  t e t r a e t h y l  l e a d  

S p e c i f i c  we igh t  - - - - 0 ~ 7 7 6 .  

C a l o r i f i c  v a l u e  - - - - 9,387 c a l / k g  

L a t e n t  h e a t  - - - - .. - 115 c a l / k g  

T h i s  d i d  n o t  d i f f e r  f r o n  t h e  r-i ixture used  f o r  t h e  AS5  
e n g i n e ,  excep t  for t h e  a d d i t i o n  of t e t r a e t h y l  lead. With 
t h e  above n i x t u r e ,  t h e  f u e l  consunp t ion  was v a r i e d  between 
260 and 270 g r a n s  (0.573 and 0.595 lb), i c e  f o r m a t i o n  on 
th.e c a r b u r e t o r  was p r e v e n t e d ,  and l3owers o f  t h e  o r d e r  o f  
60 . h p / l i t e , r  c o u l d  be o b t a i n e d  w i t h o u t  d e t o n a t i o n .  The tern- 
p e r a t u r o  o f  t h e  compressed a i r  from t h e  s u p e r c h a r g e r  ;lever 
exceeded tine v a l u e  o f  60°. 

RESULTS 

In  t h e  f i r s t  phase  of t h e  bench t e s t s  conducted  with-  
out r e l a t i v e  wind,  t h e  f i r ; t  onc-hour t e s t  was conducted  
A p r i l  20, 1931. The eng ine  developed  n power o f  on ly  
2,200 horsepower w i t h  t h e  P r a t t s  n i x t u s e .  One n o n t h  l a t e r  
t h e  ope-hour a c c e p t a n c e  t e s t  w a s  conducted  pn a n o t h e r  en- 
g i n e  w i t h  t h e  deve lopnen t  o f  2,400 horsepower.  

I n  t h e  second phase  o f  t h e  t e s t s ,  when t h e  dynan ic  
i n t a k e  was added t o  t h e  eng ine  and t e s t s  were conducted  

v a r i a b l e  wind a t  t h e  mouth o f  t he  c a r 3 u r e t o r ,  t 
o b t a i n e d  t h e  cu rve  shown i n  f i g u r e  15* I t  i s  s e e  

maxinun powe'r a t t a i n a k l e  v o l u t  i o n s  p e r  
i t h  t h e  maxinun wind o f  70 

2,850 horsepower.  

The f i n a l  t e s t s  were nade accordilzg t o  a w e l l  prode- 
t e r n i n e d  c u r v e  t h a t  t ook  ' ih to  a c c o u n t  t h e  speed ,  t h r o t t l e  
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opening ,  and w i n d  v e l o c i t y  under  t h e  c o n d i t i o n  o f  t h e  

p e a t i n g  f i v e  t i m e s  t h e  cu rve  o b t a i n e d ,  and l a s t e d  i n  a l l  
35 minutes .  Two t y p e s  of e n g i n e s  were used:  t h o s e  d e s i g -  
n a t e d  f o r  t h e  B l e r i o t  Cup, which developed2,400 t o  2,500 
horsepower and t h o s e  f o r  t h e  r e c o r d s ,  which develqped  
2#800 t o  2,850 horsepower.  

s t e r  r a c e .  Tho a c c e p t a n c e  t e s t  c o n s i s t e d  i n  re- 

One o f  t h e s e  e n g f n e s ,  speeded up t o  3,300 r e v o l u t i o n s  
p e r  minute  and w i t h  a s u p e r c h a r g e r  a t  19 ,000  r e v o l u t i o n s  
p e r  n i n u t e ,  a t t a i n e d  a power above 3 ,000  horsepower.  A 
f a c t  worth men t ion ing  and which shows t h e  n o t a b l e  endur- 
ance  o f  t h i s  eng ine  i s  t h a t  i n  one t e s t  i t  r a n  64  h o u r s ,  
7-1/2 o f  which w e r e - a t  f u l l  power of 2 ,400 horsepower and 
3 a t  2,850 horsepower.  

The e n g i n e s  were mounted on t h e  M . C .  7 2  and e n t r u s t e d  
t o  t h e  p i l o t s  o f  t h e  Scuo la  d i  Altc V e l o c i t a  o f  Desenzano 
conmanded by Genera l  M. Bernasconi .  

V i th  t h e  2 ,400  horsepower e n g i n e s ,  t h e  f o l lowing  r e c -  
o r d s  were won: 

L b s o l n t c  speed  r e c o r d  f o r  3 k i l o m e t e r s  a t  t h e  speed  o f  
682 km/h (424 mph), by Franco  A g e l l o ,  A p r i l  1933. 

Absolute speed  r e c o r d  f o r  LOO k i l o m e t e r s  a t  629.3'7 km/h 
(391  mph), by Guglielmo C a s s i n e l l i ,  Oct. 8 ,  1933. 

B l e r i o t  Cup f o r  one-half  hour  f l i g h t  a t  619.274 kn/h  
(385 mph), by P i e t r o  S c a p i n e l l i ,  Oct. 21, 1933. 

The speed r e c o r d  f o r  3 k i l o m e t e r s ,  W O E  by Franco A g e l l o ,  
w a s  s u r p a s s e d  by t h e  same p i l o t  by r a i s i n g  i t  t o  
709,209 km/k ( 4 4 1  mph) on Oct. 23, 1934, w i t h  a n  en- 
g i n e  c a p a b l e  o f  3 ,000 horsepower a t  3,300 revolu-  
t i o n s  p e r  a i n u t e  but n o t  used t o  f u l l  c a p a c i t y .  

T r a n s l a t i o n  by S. R e i s s ,  
N a t i o n a l  Advisory  C o n n i t t e e  
f o r  Aeronau t i c s .  
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Compres- 
s ion  
r a t i o  

TABLE I 

Pr inc ipa l  Charac t e r i s t i c s  of F i a t  Race Engines 

Mean ef- Mean ef-  
f e c t i v e  f e c t i v e  
r e s su re  r e s s w e  

Pkg/caz ?super- 
charger)  
( kg/cme 

2,300 

2,400 

3,200 

3,200 

3,300 

140 x 170 

145 x 175 

138 x 140 

138 x 140 

138 x 140 

Capaci t 
( l i t e r s 7  

31.34 

35.16 

25.1 

50.2 

50.2 

AS2 

AS 3 

AS 5 

AS6 (Bler io t  

AS6 (Speed 

CUP) 

record)  

30 

800 

1,000 

1,000 

2,500 

3,000 

6 

6.7 

8 

10 - 
10.6 - 
11.3 - 

Neight 
Per hP 

0.485 

.422 

.345 

.372 

.310 

Horse- 
power 

per 
l i t e r  

25.52 

28.44 

40 

49.8 

59.7 

Fron ta l  
a r e a  

(h3p/dm2) 

17.36 

21.85 

25.06 

53.64 

64.3 



W . A . C . A .  Technical Henorandun No. 944 

A3 ORA 

794 

582 

612 

883 

31 

A S 6  

B l e r i o t  Cup Speed record 

‘I 
A S 5  

1,070 1,223 1,465 

955 975 1,075 

1,010 1,030 1,180 

1 690 1,350 1,490 

TABLE I1 

P r e s s u r e  x Velocity 

( kg/crn2/n/ s e e )  

1 

Bear ing  

Connecting rod 

f External 
2.) fj Intermediate 

E [central 



0 0 0 0 0 
0 0 8 d M 

0 ? w  
0 
2 . .  

0 
u) 

0 

M 3 s  % (v (v 
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P i g w e  5.- 
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.. . ... _ _ _ _ _  . . .. .. . i 
Figure 7.- Piat AS 6 engine. 

Pigure 8.- Section of AS 6 engine. 
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Carburetors 

Figure 12.- Carburetors and fuel 
pumps, AS 6 engine. 

Auxilary tank 

in the floats. 




